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ABSTRACT
The effic iency of methods used to iso la te  virus from sludge 
was assessed by a r t i f ic ia l ly  inoculating sludge. Recoveries tended to be 
e rra tic  and no method recovered more than 25%. A re la tiv e ly  cheap 
and simple method was f in a lly  adopted fo r routine monitoring of sludge 
samples involving elution of virus at ambient pH with 1% (w/v) skim 
m ilk, followed by concentration of the organic eluent by acid 
p rec ip ita tion . The concentrate was then detoxicated and decontaminated 
by treatment with dithizone in chloroform. Infectious virus 
was assayed by the agar suspended plaque te s t.
Over 400 sludge samples from 6 sewage works were assayed for  
enterovirus and additional wastewater treatment samples were also 
examined for indigenous rotavirus. The levels o f enteroviruses
isolated from sludge samples ranged from non-detectable to 1,429
1 3 “ 1pfu g” whereas over a short period up to 8 x 10 foci 1 of
rotaviruses were detected in samples of settled  sewage, activated sludge
and fin a l e fflu e n t. Generally, there was evidence of seasonal
variations in the levels of a ll enteric viruses isolated.
Over 80% of raw, consolidated raw and raw and humus mix sludge 
samples contained infectious virus. Anaerobic m esophilically  
digested primary sludges were equally infectious although virus 
levels were reduced by a factor between 2 and 5. Virus was less 
frequently isolated from consolidated digested sludges (42%), 
aerobic thermophilic digested sludge (50%) and surplus activated  
sludge (61%). However, a fte r  po lyelectrolyte treatment o f surplus 
activated sludge prio r to centrifugation there was an increase in positive  
samples to over 80%. Chemical conditioning o f raw sludge by e ith e r  
lime/coperas or polyelectrolyte p rio r to f i l t e r  pressing very 
rare ly  produced an infectious cake whereas po lyelectrolyte treated  
raw sludge samples dewatered by centrifugation were 57% p o sitive .
Enteric viruses isolated belonged to the po liovirus, Coxsackie B 
and echovirus groups. Other types were probably present but 
available methodology precluded th e ir  iso la tio n .
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X I1
INTRODUCTION TO STUDY
Nearly a ll  wastewater sludges are treated prior to disposal. 
D istribution to land is determined by water content, fo r example, 
wet sludge is u tiliz e d  on grass land and semi-wet sludge is
distributed on arable land as a soil conditioner. Dried sludge
is used in a s im ilar way to semi-wet sludges but because of lower
haulage costs i t  is more widely used (Thompson, 1977)
The recycling of sludge nutrients to agricu ltu ra l land is 
obviously beneficial provided that the application of sludge 
to land does not endanger the health of people or livestock. A 
working party of the Department of the Environment published 
guidelines fo r the disposal of sewage to land in 1977 (Department 
of the Environment, 1977), with regard to its  metal, nu trien t 
and organic content, but as ye t, no guidelines have been published 
concerning pathogens in sludge. Very l i t t l e  work has been 
carried out in the U.K. to determine the virus content of sewage 
sludge, although a comprehensive study into the survival of 
bacterial pathogens in a wide range of sludge treatments has 
been completed (Thames Water, 1978). Since viruses are known 
to concentrate onto the solids fraction  during sewage treatment 
and thus may eventually end up in sludge amended s o ils , the 
effic iency of the various sludge treatments in destroying viruses 
is of prime importance. I t  was therefore the object of th is  
study to develop an e ff ic ie n t and simple method to iso la te  
viruses from sludge and to apply th is  technique to study the 
effic iency of sludge treatment a t six sewage works each employing 
d iffe re n t modes of treatment.
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I : INTRODUCTION
I HEURES I N  IHE ENVIRONMENT
A .Viruses excreted I n  faeces
V i ru s e s  a r e  o b l i g a t e  p a r a s i t e s  r e q u i r i n g  a l i v i n g  host  f o r  t h e i r  
r e p l i c a t io n .  The viruses which r e p l i c a t e  in the in te s t in a l  t r a c t  are mostly 
non-enve I oped hardy v i r u s e s  and as such a re  r e s i s t a n t  t o  a c i d s ,  b i l e  s a l t s  
and enzymes. As a consequence of t h i s  many a re  a ls o  c a p a b le  o f  r e m a in in g  
v i a b l e  in t h e  en v i ro n m e n t  f o r  long p e r io d s  o f  t im e .  V i ru s e s  e x c r e t e d  in 
faeces are c o l l e c t i v e l y  known as e n te r ic  v iruses and over a hundred d i f f e r e n t  
types  have been i d e n t i f i e d  (T a b le  1.1) .  For many y ea rs  t h e  o n ly  e n t e r i c  
viruses to  be c u l t i v a t e d  and id e n t i f i e d  from faeces were the enteroviruses  
and i t  was not u n t i l  fa e c a l  e x t r a c t s  were observed w i t h  t h e  he lp  o f  an 
elec tron microscope t h a t  a whole new range of e n te r ic  v iruses  was discovered.  
The fa c t  t h a t  some of these viruses are unable to  r e p l i c a t e  in c e l l  cu l tu re s ,  
or do so with  g reat  d i f f i c u l t y  (Table 1.2) was the p r inc ipa l  reason why they  
evaded d e t e c t i o n  f o r  so long. I t  is  a ls o  u n f o r t u n a t e  t h a t  th e s e  more 
recen t ly  id e n t i f i e d  viruses are impcrtant because they are associated with  
h e p a t i t i s  and g a s t r o e n t e r i t i s  and, i t  is i ro n ic  t h a t  those v iruses which are  
most e a s i ly  and most re g u la r ly  c u l t i v a te d  from faecal  specimens are r a r e l y  
those responsible fo r  the more important diseases.
Enteroviruses
Enteroviruses (p o l io v i ru s ,  Coxsackie A and B v iruses and echovirus) have 
been th e  most s tu d ie d  group of the  e n t e r i c  v i r u s e s  because most a re  e as i  I y 
c u l t i v a t e d  in conventional  c e l l  cu l tu res .  The exceptions are  some Coxsackie 
A viruses which can only be iso la ted in suckl ing mice. The enteroviruses  are 
t y p i c a l  I y c h a r a c t e r i s e d  by th e  f a c t  t h a t  they  i n f e c t  both t h e  pharynx and 
al imenta ry  t r a c t  although i t  must be stressed t h a t  most in fe c t io n s  are «mild 
or assymptomatic. In fact,  most in fec t ions  of the gut are inapparent and as 
yet  no d e f i n i t e  l ink  has been establ ished between ente rov i rus  in fe c t io n s  of  
the  gut and g a s t r o e n t e r i t i s .  I t  is only on the  very few occasions when v irus  
invades th e  blood s t re am ,  t h a t  more g e n e r a l i z e d  i n f e c t i o n s  can o c c u r ,  th e  
most serious of these a f fe c t in g  the central  nervous system (see Table 1.1 for  
diseases caused). The spread of v i rus  is by the f a e c a l -o ra l  route  although in 
some cases v irus  may also be spread by the re sp i ra to ry  route.
—2 —
TABLE L J l Euman v i ruses Isynd i n  faeces
Virus Group Symptoms
Pol io v i ru s  (3 )^ P ara lys is ,  meningit is
Coxsackievirus A (24) M en ing i t is ,  r e s p i ra to ry  disease
C o x s a c k ie v i ru s  B ( 6 ) M y o c a r d i t i s ,  r e s p i ra to ry  disease,  
meningit is
Echov irus  (34) M e n i n g i t i s ,  r e s p i r a t o r y  d is e a s e ,  
diarrhoea (?)
Enterovirus (4) M en ing i t is ,  re s p i ra to ry  disease,  
c o n ju n c t iv i t i  s.
H e p a t i t i s  A d ) H e p a t i t i s
Rotavirus (4?) G a s t ro e n te r i t i s
Reovirus (3) None (?)
Adenovirus (31) Respiratory  disease,  c o n j u n c t i v i t i s ,  
g a s t r o e n t e r i t i s
Parvovirus (3) Respiratory  disease (?)
Norwalk agents (5) Gastroenter i t ! s .
Astrov irus  (1)  . Gastroenteri  t i  s.
C a l i c i v i r u s  (1) G a s tro e n te r i t i  s.
Coronavirus (1) G a s t r o e n te r i t i s  ( ? ) .
(a) Number of serotypes
- 5 -
TABLE _L2 C u l t i v a t io n  q±  enter ic  viruses
Virus Group C u l t i v a t io n  in Laboratory
P o l io v i ru s  
Coxsack i e v i r u s  A
Coxsackievirus B 
Echov i rus 
Enterovirus  
H e p a t i t i s  A
Rotav irus
Reovirus  
Adenov i rus^^^
Parvovirus  
Norwalk agents 
Astrov irus  
C a l ic i v i r u s  
Coronavirus
+ ve (several c e l l  c u l tu res )
+ ve ( n e o - n a t a l  mice ,  some c e l l  
cu I tu res )
+ ve (several  c e l l  c u l tu res )
+ ve (several  c e l l  cu l tu res )
+ ve (several c e l l  cu l tu res )
+ ve ( p a r t i a l  r e p l i c a t i o n  in c e l l  
c u l tu res )
+ ve ( p a r t i a l  r e p l i c a t i o n  in c e l l  
cu l tu res )
+ ve (several  c e l l  c u l tu res )
? + ve ( p a r t i a l  rep I i c a t i o n  in ce l  I 
cu l tu res )
-  ve
-  ve
+ ve ( p a r t i a l  r e p l i c a t i o n )
+ ve ( p a r t i a l  r e p l i c a t i o n )
+ ve ( r e p l i c a t i o n  in organ exp lants )
(a) New g as t ro en ter ic  serotypes,  other serotypes c u l t i v a t e d  in several  ce 
c u I tu res .
Adapted from B u t le r ,  1981)
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E n t e r o v i ruses  a re  h i g h l y  communicable  v i r u s e s  and i n f e c t i o n s  occur  
mainly in ear ly  childhood. Large amounts of v i rus  are shed in the faeces of 
i n f e c t e d  persons and t h i s  has been r e p o r t e d  as being as much as 0 .1 - 3  m i l l i o n  
t issue  c u l tu re  doses of ente rov irus  per gram of faeces (Mel nick and Rennick,
1980). However, whereas i t  has been found t h a t  epidemics in temperate zones 
tend to  occur from la te  summer t o  autumn, in the t ro p ic s  enteroviruses tend 
t o  be e n d e m ic a l I  y p r e v a l e n t  th ro u g h o u t  t h e  y ear  (Ota tume and Addy, 1975;  
Fenner and W h i te ,  1976) .  Ota tume and Addy (1975) c a r r i e d  o u t  a study in 
Ghana, A f r ica  and revealed t h a t  enteroviruses  were endemic to  the region and 
44% of a l l  healthy infants  were excret ing  v irus .  The reason for  the change 
in t h e  p re v a le n c e  of  v i r u s  between t e m p e r a t e  and t r o p i c a l  zones is  l i t t l e  
understood, although i t  may be due to  d i f fe rences  in hygienic condit ions and 
fac tors  a f fe c t in g  v irus  transmission.
The age a t  which e n t e r o v i r u s  i n f e c t i o n  occurs is  a m a jo r  f a c t o r  in 
d e t e r m in in g  th e  s e v e r i t y  of  e n t e r o v i r u s  d is ea s es .  In low s o c io -e c o n o m ic  
c o m m u n i t ie s ,  immunity  t o  p o l i o v i r u s  is  a c q u i re d  a t  a very  e a r l y  age and 
usually  with  minimal e f fe c ts .  By c ontrast  in high socio-economic communities,  
the transmission of v irus  may be disrupted t o  such an ex tent  t h a t  in fe c t io n  
w i th  p o l i o v i r u s  does not occur  u n t i l  e a r l y  adu l thood .  The f re q u e n cy  of  
d e v e lo p in g  p a r a l y t i c  p o l i o m y e l i t i s  a t  t h i s  age is  in c rea se d  and i t  is  
f o r t u n a t e  t h a t  th e  use of  a t t e n u a t e d  or k i l l e d  v a c c in e s  has l a r g e l y  
e l im ina te d  t h i s  disease. Nevertheless,  because of d i f f i c u l t i e s  encountered 
in a d m i n i s t r a t i n g  p o l i o v i r u s  v a c c in e s  in d eve lo p in g  c o u n t r i e s  p a r a l y t i c  
p o l i o m y e l i t i s  s t i l l  occurs in young c h i l d r e n  and B a n a t v a la  (1981) has 
e s t im a t e d  t h a t  in In d ia  a lo n e ,  7 0 ,0 0 0  c h i l d r e n  may have p o l i o  induced  
defects .
Echoviruses are normally the leas t  pathogenic of the ente roviruses  but 
of ten occur in ser ia l  waves of  in fe c t io n  throughout the community. In the  
U.K. in 1981 t h e  most p redom inant  v i r u s  ty p e s  r e p o r t e d  by t h e  Communicable  
Disease Surve i l lance  Centre were Echo 17 and 30 (PHLS, 1981).
H e p a t i t i s  A.. ( In fect ious  h e p a t i t l s l
H e p a t i t i s  A is a smal l  27 nm RNA v i r u s  possessing m o rp h o lo g ic a l  and 
p h y s io - c h e m ic a l  p r o p e r t i e s  s i m i l a r  t o  e n t e r o v i r u s e s .  I n f e c t i o n  is by th e  
fa e c a l -o ra l  route and spread throughout the community is common I y from person 
t o  person. N e v e r t h e le s s  an o c ca s io n a l  e x p l o s i v e  e p id e m ic  suggests  t h a t  in
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some cases a common source  of  i n f e c t i o n  may e x i s t .  The in c u b a t io n  p e r io d  
l a s t s  f o r  3 -4  weeks and v i r u s  is u s u a l l y  p r e s e n t  in faeces  f o r  on ly  a s h o r t  
t ime both before and a f t e r  the onset of symptoms. Reduced amounts of v i rus  
may a ls o  be shed in th e  faeces  of  persons w i t h  in a p p a r e n t  i n f e c t i o n s  and 
as w i t h  e n t e r o v i r u s e s  t h e  m a j o r i t y  o f  i n f e c t i o n s  may be m i l d  o r  
assymptomatic.
In developing countr ies  h e p a t i t i s  A is endemic as indicated by the  high 
levels  of antibody acquired by the populat ion a t  a very e a r ly  age (Banatvala,
1981). In c on trast  a study conducted in the U.K. by Banatvala and Thorogood 
(1980) found t h a t  only 33% of the adu l t  populat ion were immune to  h e p a t i t i s  
A, sug g e st in g  t h a t  exposure  t o  th e  v i r u s  du r in g  c h i ld h o o d  in deve loped  
countries  is a r e l a t i v e l y  uncommon event.
Rotavirus
R o t a v i r u s e s  (70nm d ia m e t e r )  possess a double  c ap s id  and be long t o  t h e  
fa m i ly  Reovir idae.  Rotaviruses have been found to  be the commonest cause of  
acute n o n - b a c t e r i a  I g a s t r o e n t e r i t i s  in t h e  w or ld  p a r t i c u l a r l y  amongst  
i n f a n t s .  There  a re  a ls o  w i d e l y  d i s t r i b u t e d  agents  of  g a s t r o e n t e r i t i s  
throughout the animal kingdom and a t  least two d i f f e r e n t  serotypes of  human 
ro ta v i ru s  have been id e n t i f i e d  (Banatvala, 1981) I t  has also been shown t h a t  
a l l  ro tav iruses  share a common antigen located on the inner capsid w h i l s t  a 
type s p e c i f ic  antigen is located on the outer capsid (Br idger ,  1978).
Although most r o t a v i r u s  i n f e c t i o n s  of  neonates a r e  i n a p p a r e n t ,  t h e  
seve r i ty  of the disease increases s ig n i f i c a n t l y  when in fants  between 6  months 
and 3 years are infected.  The v irus  in fec ts  the v i l l i  of the  small i n t e s t i n e  
and amounts of up to  1 0 ^ 0  v irus  p a r t i c l e s  per gram of faeces may be excreted  
between 3 and 5 days a f t e r  th e  onse t  of  i I I ness ( F l e w e t t  and Woode, 197 8 ) .  
P a r t i c u l a r l y  in developing countr ies ,  many in fa n t  deaths have been a t t r i b u t e d  
t o  r o t a v i r u s  i n f e c t i o n  and in t h i s  c o n n e c t io n  Maiya  e± M . ,  (1 977 )  have  
estimated t h a t  in India alone about 1.4 m i l l i o n  in fants  and c h i ld re n  d ie  each 
year.  Of course, many in fan t  deaths a lso r e s u l t  from the  devasta t ing e f f e c t s  
of m a l n u t r i t i o n  and t h e  high p re v a le n c e  of  many b a c t e r i a l  and o t h e r  v i r a l  
in fec t ions ,  in most developing countr ies.
The h ig h e s t  in c id e n c e  of r o t a v i r u s  i n f e c t i o n s  in t e m p e r a t e  lands  has 
been found t o  occur  d u r in g  w i n t e r  (Bi  rch a i . ,  1977; Jonas a l  a l . ,  1 979 ) .
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L i t t l e  i n f o r m a t i o n  has been p ub i ished  on t r o p i c a l  a reas  but i t  is  th o u g h t  
t h a t  peaks may occur  in the  c o o l e r  d r i e r  p a r t s  of  th e  y e a r  (Holmes,  1979).
Immunity  t o  r o t a v i r u s  is  u s u a l l y  a c qu ire d  a t  a very  e a r l y  age even 
though epidemics in the a du l t  populat ion have occasional ly  been reported.  In 
f a c t  in a p p a r e n t  r o t a v i r u s  i n f e c t i o n s  have been found t o  occur  a t  r e g u l a r  
i n te rv a ls  throughout l i f e  and t h i s  has led to  the suggestion t h a t  adul ts  may 
represent  the main re s e rv o i r  of  ro ta v irus  in fect ions  (Banatvala,  1981).
Reovirus
Al though p r e s e n t  in faeces  in la r g e  numbers and r e l a t e d  t o  t h e  
r o t a v i r u s e s ,  th e  r e o v i r u s e s  have not been found t o  be agents  of  human 
di sease.
Adenovirus
Adenoviruses  a r e  agents  o f  r e s p i r a t o r y  and g a s t r o e n t e r I c  d is e a s e  and 
most may be iso la ted by using conventional  c e l l  c u l tu re  techniques.  However,  
in s p i t e  o f  t h i s  some a d eno v iruses  found in fa ece s  a r e  very  d i f f i c u l t  o r  
im p o s s ib le  t o  c u l t i v a t e  and i t  has even been suggested t h a t  a d e n o v i r u s e s  
a s s o c ia te d  w i t h  g a s t r o e n t e r i t i s  may be s u f f i c i e n t l y  d i f f e r e n t  from t h e  
r e s p i r a t o r y  group t o  form an e n t i r e l y  s e p a r a te  group (Ho lm es,  1979).  
Compared t o  r o t a v i r u s e s ,  t h e  r o l e  o f  a d e n o v i r u s e s  as a g e n t s  o f  
g a s t r o e n t e r i t i s  is less well  defined and as a consequence i t  is  thought t h a t  
outbreaks of acute diarrhoeal  diseases caused by these v iruses are  rare .
NorwaLÈziikë agents
N o rw a lk - l ik e  agents are small round 30-36nm diameter  v i ruses,  associated  
w i t h  th e  c o n d i t i o n  known as w i n t e r  v o m i t i n g  d is e a s e  and a re  c a p a b le  o f  
in fec t ing  a l l  age groups. However, the viruses are as y e t  u n c la s s i f ie d .  The 
p r o t o t y p e  of  t h e  group is  t h e  Norwalk  agent  w h i I ^ t  o t h e r s  in c lu d e d  in t h e  
group such as Hawal i , c o c k le  and D i tc h  I i ng a g en ts ,  do not  n e c e s s a r l  I y show 
sero logical  re la t io n s h ip s  wi th one another.
These agents  a r e  not as p a th o g e n ic  as r o t a v i r u s  and compared t o  i t  
account fo r  only a few minor cases of  g a s t r o e n t e r i t i s  each year.  The v i ru s  
has a s h o r t  i n c u b a t io n  p e r io d  of  between 24 and 48 h and a f t e r  t h e  o n s e t  o f
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symptoms small amounts of v i rus  may be excreted In the faeces. However, i t  
has been reported t h a t  v irus  may be excreted in faeces fo r  a t  leas t  one month 
a f t e r  t h e  onset  of  symptoms (A p p Ie to n ,  1981).  Ant i bod i es t o  N o r w a l k - l i k e  
agents are acquired a t  an ea r ly  age and in t h i s  respect Greenberg e± a l . .  
(1979) e s t im a t e d  t h a t  70% o f  th e  p o p u l a t i o n  of  t h e  w or ld  had a c q u i re d  
immunity t o  t h i s  agent by the t ime they had reached adulthood.
A strov i rus
Astroviruses are 28nm diameter u nc las s i f ied  viruses,  possessing a s t a r ­
shaped mprphology when s t a in e d  arid v iewed by th e  e l e c t r o n  m icroscope .  
A s trov  i ruses have o c c a s i o n a l l y  been a s s o c ia te d  w i t h  g a s t r o e n t e r i t i s  in 
in fants  and adults ,  although evidence suggests  t h a t  t h e i r  p a t h o g e n i c i t y  in 
man is low (Madely and Cosgrove, 1975; Kurtz ,  1979).
C a l i c i v i r u s
C a I i c i V i r u s e s  a re  30-35nm d i a m e t e r  v i r u s e s  w i t h  c u b ic  symmetry  and 
character ised by typ ica l  surface s t ructures  sometimes described as hol lows or 
cups, when stained and viewed with  the  e lec tron  microscope. They have been 
implicated in outbreaks of  w in te r  vomit ing  disease in c h i ld re n  and adul ts  but 
again as with a l l  such small round v iruses,  these occasions are ra re  (Suzuki 
1979).
C o ro n av iru s - I ike  p a r t i c l e s
Coronav i r u s - l i k e  p a r t i c l e s  a r e  q u i t e  f r e q u e n t  I y seen in t h e  fa e ce s  o f  
both healthy and infected persons. Although coronaviruses are known to  cause 
g a s t r o e n t e r i t i s  in p i g l e t s  and c a l v e s ,  no c o n c lu s iv e  e v id e n c e  e x i s t s  t o  
d e f i n i t e l y  l in k  these agents wi th g a s t r o e n t e r i t i s  in man (Banatvala,  1981).
B. Transmission v irus
Having e s t a b l i s h e d  t h a t  a g r e a t  many v i r u s e s  may be p r e s e n t  in raw 
sewage, i t  is  then necessary t o  understand  th e  p o s s i b l e  r o u t e s  by which  
viruses may subsequently be t ransm it ted .
The methods used t o  t r e a t  sewage, a l though c a p a b le  o f  re d u c in g  
substant ia l  amounts of  v i ru s  do not t o t a l l y  e l im in a te  a l l  of  the v iruses (see
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section I I I ) .  As a r e s u l t  of t h is  viruses are discharged to  the environment  
v ia  e f f lu e n t s  and wastewater sludges and through one route  or another a large  
proport ion of viruses u l t im a t e ly  f ind t h e i r  way into an aqueous environment.  
The p o s s i b l e  r o u te s  of  e n t e r i c  v i r u s  t r a n s m is s io n  a re  shown in F ig  1.1 and 
in c lu d e  such ro u te s  as c o n t a c t  w i th  p o ta b le  and r e c r e a t i o n a l  w a t e r s ,  t h e  
consumption of  s h e l l  f i s h  and the  consumption of  crops  grown in s lu dge  
amended s o i l s .  The a b i l i t y  o f  v i r u s e s  t o  be t r a n s m i t t e d  v i a  th e s e  r o u t e s  
depends on th e  r e s i s t a n c e  o f  th e  v i r u s  t o  th e  e n v i ro n m e n t  and in t h i s  
connection e n te r ic  v iruses have been reported to  survive between 2-168 days 
in tap water,  between 25-125 days in soi l  and fo r  a t  le a s t  90 days in oyster  
t i s s u e s  (Mel n ick  and Gerba,  1980).  Al though v i r u s e s  a re  less  r e s i s t a n t  t o  
the environment than chemical substances such as pest ic ides  and heavy meta ls ,  
the presence of even small numbers of v irus  poses a th e o re t ic a l  heal th  r i s k ,  
because o f  t h e i r  h i g h l y  i n f e c t i o u s  n a tu re .  For in s t a n c e ,  P l o t k i n  and K a tz  
(1967) reported t h a t  1 TCID^q of v irus  should be enough to  cause in fe c t io n  in 
man. However,  th ey  based t h e i r  assumption on t h e  host  being h i g h l y  
su seep t i  b I e t o  t h e  v i r u s  and Mi nor ^  a l  (1981) found t h a t  doses as high  
as 6 5 - 8 0  TCID5 0  of  p o l i o v i r u s  v a c c in e  were o f t e n  r e q u i r e d  t o  e s t a b l i s h  
in fe c t io n  in 2  year old infants .
C o l l e c t i n g  e p i d e m i o l o g i c a l  ev idence  t o  suggest a I ink between v i r u s  
i n f e c t i o n s  in man and v i r u s  c o n t a m in a t io n  o f  th e  e n v i r o n m e n t  is  ve ry  
d i f f i c u l t .  This is due to  a number of reasons, probably the  most important  
being t h a t  v i r u s  i n f e c t i o n  is  not synonymous w i t h  d is e a s e .  Numerous  
inapparent in fe c t ions  may occur as a r e s u l t  of contact  w ith  a contaminated  
source and whereas in fec t ions  of t h is  kind are l i k e l y  t o  remain undetected,  
in fected persons may s t i l l  act  as a source of in fe c t io n  from person t o  person 
spread th ro u g h o u t  th e  community.  The c o l l a t i o n  o f  e v id e n c e  is  f u r t h e r  
f ru s t ra te d  by the incomplete report ing  of  outbreaks and in t h i s  respect Craun 
and McCabe (1973 )  e s t im a t e d  t h a t  o n ly  h a l f  of  th e  w a t e r b o r n e  o u tb r e a k s  in 
municipal water supplies are ever reported.  In add i t ion  those outbreaks which 
a re  r e p o r t e d  a re  u s u a l l y  i n v e s t i  ga ted  w e l l  a f t e r  t h e  i n i t i a l  o u t b r e a k ,  by 
which t im e  the source of in fec t ion  may have been e l im in a ted .  A l t e r n a t i v e l y  
the a e t io lo g ic a l  agent may not have been iso la ted  because of the d i f f i c u l t i e s  
encountered with  the propogation of  the agent.
The da ta  r e l a t i n g  t o  i n f e c t i o n s  of  man by th e  e n v i r o n m e n t  has been 
l a rge ly  r e s t r i c t e d  to  outbreaks of  waterborne disease.  Although no outbreaks  
of  v i r a l  d is e a s e  have been r e p o r t e d  f o l l o w i n g  s ludge  d is p o s a l  t o  land.
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Fig 1.1 Routes fo r the transmission of viruses via wastewater treatment
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v i r u s e s  have been recov ered  from sol I and v e g e t a b l e  crops and as such may 
pose a p o t e n t i a l  h e a l t h  hazard  (Rao, 1976; H u rs t  a l . ,  1978).  However,  i t  
is  genera l  I y accepted t h a t  in developed c o u n t r i e s  t h e  r i s k  of  w a te rb o rn e  
d is e a s e  is s l i g h t  even though Mahdy (1979) has suggested t h a t  v i r u s e s  in 
water may represent an underestimated problem.
Person t o  person spread c o n s t i t u t e s  th e  main mode of t r a n s m is s io n  o f  
e n te r ic  v iruses but, in theory,  a l l  e n te r ic  viruses may be capable of being 
t r a n s m i t t e d  by t h e  w a te r  r o u t e .  N e v e r t h e le s s  in r e a l i t y  th e  o n ly  v i r u s  
which has been d e f i n i t e l y  a t t r ib u t e d  to  transmission by the water route  is 
h e p a t i t i s  A. Outbreaks  of  h e p a t i t i s  A i n i t i a t e d  by th e  consumption of  
contaminated water are e a s i ly  recognizable by t h e i r  explosive nature and such 
an ev e n t  o ccurred  in New D e l h i ,  I n d i a  in 1955-56 where 28 ,745  cases of  
h e p a t i t i s  were reported (Butr ico  ^  1970). The source of in fe c t io n  was
traced back to  the water supply, i r re s p e c t iv e  of  the f a c t  t h a t  water had been 
passed as f r e e  from b a c t e r i a l  c o n t a m in a t io n  and had su b s e q u e n t ly  been 
c h l o r i n a t e d .  In a d d i t i o n ,  Craun and McCabe (1973) r e p o r t e d  t h a t  w h i l s t  th e  
number of  w a te rb o rn e  o u tb re a k s  r e l a t i n g  t o  ty p h o id  has d e c i in e d  o v er  t h e  
period from 1946 to  1970, t h i s  has been fo l lowed by an increase in the number 
of h e p a t i t i s  A cases reported.
Mosley (1967) considered t h a t  the transmission of enteroviruses by the  
water route  was a very ra re  event. However, more importantly  ro ta v i ru se s  and 
N o rw a lk - l ik e  agents have been impl icated in waterborne outbreaks g e n era l ly  
c la s s i f i e d  as g a s t r o e n t e r i t i s  (Craun, 1981). Some 50^ of a i l  reported cases 
of waterborne disease in the  U.S.A. have been c la s s i f i e d  as g a s t r o e n t e r i t i s  
f o r  which in t h e  m a j o r i t y  of  cases no known a e t i o l o g i c a l  a g en t  has been 
found. Although not a I I of  th e s e  cases o f  g a s t r o e n t e r i t i s  can be s o l e l y  
a t t r i b u t a b l e  t o  v i r u s ,  Cabel I i ( 1 9 8 1 )  has suggested ,  us ing  c i r c u m s t a n t i a l  
evidence,  t h a t  human ro ta v i ru s ,  and to  a lesser extent Norwalk agents are  the  
most common a e t io lo g ic a l  agents associated wi th  i l ln e s s  derived from sewage 
pol lu ted  waters.  In support of t h i s  theory Smith and Gerba (1980) detected  
ro ta v i ru s  in dr inking water in South America and speculated t h a t  the presence 
of ro ta v iru s  in drink ing water may exp la in  the  endemic nature  of  r o ta v i ru s  
in fec t ions  in developing countries.
D i re c t  evidence t h a t  these epidemiological  important v iruses are  present  
and can be t ransm it ted  by the water route  has come from outbreaks r e s u l t in g  
from the consumption of  uncooked s h e l l f i s h .  S h e l l f i s h  are b iv a lv e  molluscs.
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capable of f i l t e r i n g  several gal lons of  seawater per day through t h e i r  g i l l s .  
As a consequence, viruses present in seawater have been shown to  concentrate  
in t h e  t i s s u e s  of  s h e l l f i s h  (Goyal ^  M . ,  1979) and in a d d i t i o n  s e v e r a l  
outbreaks of  w in te r  vomit ing disease have been reported a f t e r  the consumption 
of s h e l l f i s h  (Murphy M M . ,  1979; Appleton, 1981). An outbreak of h e p a t i t i s  
A has a ls o  been r e p o r t e d  t o  have occurred  a f t e r  th e  consumption o f  raw 
o y s t e r s  and t h i s  case is p a r t i c u l a r l y  i n t e r e s t i n g  in t h a t  o y s t e r s  were  
h a rve s te d  from w a t e rs  d e s ig n a te d  as being f r e e  from b a c t e r i a l  p o l l u t i o n  
(P o r tn o y  M  a I . .  1 975)
C. V irus ind icators  M  p o l lu t io n
R egu lar  m o n i t o r in g  of  t h e  e n v i ro n m e n t  by th e  Water  A u t h o r i t i e s  is  
la rge ly  r e s t r i c t e d  to  chemical and bacte r io lo g ica l  analysis .  The d i f f i c u l t i e s  
which would be encountered i f  Water A u th o r i t ie s  were r e g u la r ly  to  monitor fo r  
viruses are numerous. For a s t a r t  v i ro lo g ic a l  assays are cost ly  and because 
a wide range of viruses may be present in thé environment (some of which may 
be d i f f i c u l t  t o  p ro p a g a te ) ,  th e  ta s k  is  i m p r a c t i c a b l e .  An a l t e r n a t i v e  
approach to  t h i s  problem is to  look fo r  an ind ica to r  of  v i r a l  p o l lu t io n  and 
Cabel I i (1979) has s t a t e d  t h a t  such an i n d i c a t o r  should have t h e  f o l  lo w in g  
p r o p e r t i e s : -
(a) be always associated with  pathogens
(b) be present in g reater  numbers than the pathogen
(c)  approach t h e  pathogen's  r e s i s t a n c e  t o  d i s i n f e c t a n t s  and g e n e ra l  
environmental  s tress
(d) be capable of enumeration by means of cheap and s e n s i t iv e  methods
(e)  be non pathogenic
The p o s s i b i l i t i e s  of f inding an acceptable ind ica to r  of v i r a l  p o l lu t io n  
have been th o r o u g h ly  e x p lo re d  and b a c t e r i a ,  b a c t e r io p h a g e s  or  e a s i l y  
propagated v iruses have a l l  been assessed as v i r a l  indicators .  U n for tuna te ly  
i t  has been found t h a t  b a c t e r i a  do not  a c t  as good i n d i c a t o r s  o f  v i r u s  
p o l lu t io n  and in t h i s  respect v iruses have of ten  been detected in the  absence 
of co l i fo rm  ba c te r ia  (Gerba M  ML., 1979; Marzouk M  M .,  1981). However, an 
exception to  t h i s  is the work of  P e t i l l i  and F lora  (1977) who found t h a t  they  
cou ld  c o r r e l a t e  th e  c o n c e n t r a t i o n  of  e n t e r o v i r u s e s  in c o a s t a l  w a t e r s  and 
sediments to  the numbers of E.col i  present in these environments.  Another 
group of  b a c t e r i a ,  t h e  fa e c a l  s t r e p t o c o c c i  have a ls o  been i n v e s t i g a t e d  as
- 12 -
possible v i r a l  Indicators .  Although i t  has been reported t h a t  the presence 
or absence of these ba c te r ia  in the environment bears no r e la t io n s h ip  to  the  
presence of  v i r u s e s ,  i t  has been found t h a t  th e  i n a c t i v a t i o n  o f  fa e c a l  
streptococci  is s im i l a r  to  the r a te  of  in a c t iv a t io n  of  viruses,  and t h is  may 
prove to  be useful (Berg and Berman, 1980; VasI M M . ,  1981).
D i f f e r e n t  types of bacteriophage have been assessed, on the assumption 
t h a t  they  behave s i m i l a r l y  t o  o t h e r  v i r u s e s  under v a r io u s  e n v i r o n m e n ta l  
c o n d i t i o n s  and indeed some types  meet many of  the  r e q u i r e m e n t s  o f  an 
ind ica tor  system as they are present in higher numbers than animal viruses in 
w a s te w a te r  and a re  a ls o  more r e s i  s t a n t  t o  chI  or  i n a t i  on processes ( K o t t  M  
a I . .  1 9 7 4 ;  S t a n l e y  and Cannon,  1 9 7 7 ;  H e j e n i a n  and B u t l e r ,  1 9 8 0 ) .
Furthermore,  the methods used to  assay bacteriophages are rap id ,  inexpensive  
and s ens i t iv e .  The presence of col iphages and, more unusually of  cyanophages 
( b l u e - g r e e n  a lg a e l  v i r u s e s )  have a l l  been used t o  p r e d i c t  th e  p resence  of  
e n t e r i c  v i r u s e s  in waste  w a t e r  systems ( K o t t  M  M . ,  1974; Smedberg and 
Cannon, 1976).  However,  in s p i t e  of  t h i s ,  s e v e ra l  peop le  have found t h a t  
coliphages are of ten iso la ted in the  absence of enteroviruses  (Safferman and 
Morr is ,  1976; Grabow M  M . ,  1980). Scarpino (1978) reviewed the whole to p ic  
of v irus  ind icators  and his  f in a l  conclusion was t h a t  col iphages may serve as 
indicators  of p o l lu t io n  in some environments but not in others.
P o l i o v i r u s e s  have a ls o  been i n v e s t i g a t e d  as an i n d i c a t o r  of  v i r u s  
p o l lu t io n  on the assumption t h a t  po l iov i ruses  behave s i m i l a r l y  t o  a l l  other  
e n t e r i c  v i r u s e s  and because v a c c in e  s t r a i n s  o f  p o l i o v i r u s  a r e  abundant in 
wastewater systems. This was found to  be the case by Payment M  M .,  (1979a) 
who concluded t h a t  p o l i o v i r u s e s  were  good i n d i c a t o r s  f o r  o t h e r  e n t e r i c  
v i r u s e s  in high s o c io -ec o n o m ic  c o m m u n i t ies .  However,  in c o n t r a s t  o t h e r  
workers have found t h a t  p o l iov i rus  is an unsui table  in d ic a to r  because i t  was 
often not detected in samples shown to  contain high numbers of  o ther  e n t e r i c  
viruses (Katzenelson and Kedmi, 1979; Morr is  and Waite,  1981a). Furthermore,  
evidence suggests t h a t  a l l  viruses behave d i f f e r e n t l y  and as a r e s u l t  i t  has 
been stated t h a t  no c u r ren t ly  used in d ica to r  system can accura te ly  assess the  
probable leve ls  of  v i ru s  present throughout the whole of  the water t re a tm e n t  
process (M orr is  and Waite,  1981).
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I I WASTEWATER TREATMENT 
A. T M  t re a tm en t  of  raw sewage
The task of adequately t r e a t in g  large volumes of sewage Is immense. In 
1978, Best and Banks reported t h a t  in the U.K. a populat ion of approximately  
43 m i l l i o n  peop le  d a i l y  d is charged  1.35 xIO? m^  of  raw sewage ( i n c l u d i n g  
in d u s tr ia l  waste) in to  publ ic  sewers. Due to  the fa c t  t h a t  the composit ion  
and qua nt i ty  of raw sewage entering individual  plants  can vary from day to  
day and even from p l a n t  t o  p l a n t ,  t h e r e  is  no one b a s ic  method o f  sewage  
t rea tm ent  which has been found to  r e l i a b l y  t r e a t  a l l  types of  sewage. As a 
r e s u l t  several  methods of t rea tment  are used, w ith  the method adopted by each 
indiv idual  p lan t  tending to  be the one most suited t o  t h a t  p lan t 's  s p e c i f i c  
requirements as regards capacity  and cost.
Although the actual  composition of raw sewage is only p a r t i a l l y  known, 
t h e r e  a re  s e v e ra l  usefu l  p a ram e te rs  which can be used t o  assess  t h e  
concentrat ion of  waste matter  in raw sewage. The two most important methods 
being measurement of  th e  b i o l o g i c a l  oxygen demand (BOD) and th e  suspended 
sol ids content.
The BOD^  is an in d i re c t  measure of the amount of biodegradable inorganic  
m a t t e r  in th e  sewage and is  expressed as t h e  amount of  oxygen consumed by 
m i c r o b i a l  a c t i v i t y  in 5 days a t  20°C. In a d d i t i o n , t h e  ty p e s  o f  suspended  
sol ids p r e s e n t  can be c l a s s i f i e d  a cc ord ing  t o  t h e i r  s i z e  ( T a b l e  1.3) and a 
t y p i c a l  a n a l y s i s  o f  t h e  c o m p o s i t io n  of  raw sewage is  g iv e n  in T a b l e  1.4. 
These p a ra m e te rs  a re  p a r t i c u l a r l y  usefu l  in ju d g in g  t h e  e f f e c t i v e n e s s  o f  
i n d i v i d u a l  t r e a t m e n t  processes.  However,  t h e  p r i n c i p a l  a ims o f  sewage  
t rea tm ent  are to  reduce or e l im in a te  s o l id  and soluble  organics,  inorganic  
substances (n i trogen,  phosphorus, heavy metals)  and pathogens, thus reducing  
the BOD5  and suspended so l ids  content.  As f a r  back as 1912, a r e p o r t  by the  
Royal Commission on the problems of sewage disposal ,  recommended t h a t  a l l  
e f f l u e n t s ,  produced as a r e s u l t  o f  sewage t r e a t m e n t ,  should  comply w i t h  a 
30:20  s ta n d a rd :  t h a t  is  not more than 30 mgl"^ o f  suspended sol  ids and n o t  
more than 20 m gl”  ^ o f  BOD5 . N e v e r t h e le s s  i t  is  more common t h e s e  days t o  
f ind  more s t r in g e n t  standards of control  in p ra c t ic e ,  as is the  case w i th  the  
Thames Water Author ity  who s t i p u l a t e  t h a t  e f f lu e n t s  produced by them should 
comply with a tougher 20:15 standard.
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TABLE _L.J1 Ih ê  c la s s i f i c a t i o n  q1  sol ids i n  jzm sewage 
Type of so l id  Size l i m i t
s e t t l e a b le  
s u p ra -c o l loi dal 
c o l lo id a l  
solub 1 e
> 1 0 0  (jm 
1- 1 0 0 pm 
1 nm. -  1 
< 1 nm
|jm
(Adapted from R ic k e t t and Hunter, 1971)
TABLE A ly o ic a i composition of  domestic raw sewage
Parameter conc.(mg 1-1 ) % Removal
Range Average Primary Secondary
Total  so l ids 300 -  1200 700 50 -  90
Suspended so l ids 100 -  400 2 2 0
Dissolved so l ids 250 -  850 500 5
BOD5 100 -  400 250 10 -  30 >90
COD 2 0 0  -  1 0 0 0 500 1 0 - 3 0 70 -  80
Total  nitrogen 15 -  90 40 35
Total  phosphorus 5 -  20 1 2 0 - 1 5 20 -  40
pH 7 -  7.5 7 .0
(adapted from Sundstrom and K l e i ,  1979)
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In order to  produce an e f f l u e n t  which complies with these standards,  the  
t rea tm ent  of raw sewage is c ar r ied  out in a sequence of t rea tm ent  processes,  
each spec ia l is in g  in removing d i f f e r e n t  components of raw sewage. The order  
of trea tm ent  processes is as fo l lo w s : -
(a) primary t rea tment  to  remove set teab le  so l ids
(b) secondary t rea tment  to  remove c o l lo id a l  and soluble  substances
(c) t e r t i a r y  trea tm ent  to  improve the q u a l i t y  or "pol ish o f f "  the e f f l u e n t
However,  i t  is  o n ly  in s p e c i a l i z e d  cases t h a t  a t e r t i a r y  s tag e  o f  
t r e a t m e n t  is r e q u i r e d  and in t h e  U.K. f t  is more usual  f o r  t h e  t r e a t m e n t  o f  
raw sewage t o  be c a r r i e d  o u t  in two s tages .  A f lo w  c h a r t ,  d e p i c t i n g  t h e  
various stages of  sewage t rea tment  and the stages a t  which wastewater sludge 
is  produced, is  shown in F ig .  1.2 ( a l s o  see P l a t e s  1.1 t o  1. 9 ) .  The 
t rea tm ent  and disposal of wastewater sludge w i l l  not be discussed u n t i l  the  
next s e c t io n .
a) Pr imary t rea tment
Primary trea tm ent  of raw sewage is a physical  process. I t  involves the  
p r e l i m i n a r y  s c re e n in g  of raw sewage t o  remove c o ars e  d e b r i s  and g r i t ,  
fo l lowed by the s e t t l i n g  of  sewage in holding tanks fo r  periods of  up t o  3 h 
t o  remove th e  s e t t e a b l e  s o l i d s .  The s o l i d s  removed in t h i s  way l a t e r
comprise the primary raw sludge whereas the remaining primary e f f l u e n t  or
s e t t l e d  sewage, although f re e  from large so l ids ,  is s t i l l  found to  conta in  a 
high p e rcen ta g e  of  o r g a n ic  m a t t e r  in t h e  form o f  c o l l o i d a l  o r  s o l u b l e  
substances. The soluble f r a c t io n  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  t h e  o r g a n ic  
load of s e t t le d  sewage and R ic k e t t  and Hunter (1971) reported t h a t  68^ of  a l l  
the t o t a l  so l ids  in raw sewage were soluble.
b) Secondary t rea tment
The most common secondary t r e a t m e n t s  used t o  t r e a t  sewage a r e  
b i o l o g i c a l .  T r e a t m e n t  by th e se  b i o l o g i c a l  p rocesses is  acco m p l ish e d  by 
bringing together  both wastewater n u t r ien ts  and s u i ta b le  micro-organisms fo r  
a s u f f i c i e n t  period of  t ime to  a l low microbial  ox idat ion  of  the n u t r ie n ts  to  
occur .  B i o l o g i c a l  processes of  t h i s  k ind  r e l y  on t h e  i n t e r a c t i o n s  of  
organisms In complex e c o l o g i c a l  u n i t s  which under normal o p e r a t i o n a l  
condi t ions  should be s e l f - r e g u la t in g .
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Plate 1.1
Raw sewage in le t
Plate 1.2
Sampling settled  
sewage from the 
primary sedimentati 
tank.
—18 “
Plate 1.3
The activated  
sludge tank
Plate 1.4 The secondary sedimentation tank.
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r
Plate 1.5 "Rising sludge" in the secondary sedimentation tank
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Plate 1.6 The biological f i l t e r
FIGURE 1.3 The biological f i l t e r  process
F i l te r  Humus
Rotating sprays
Humus se ttl ing  tanks
7S
^  Secondary 
eff luent
Settled
sewage
Humus Sludge
(Adapted from Bitton, 1980)
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Biologica l  treatments  used to  t r e a t  sewage include
i ) b io log ica l  f i I t e r s
i i )  the ac t iva ted  sludge process and
i i i )  waste s t a b i l i z a t i o n  ponds
i) Bio logica l f i l t e r s
I t  is pe cu l ia r  t h a t  the p u r i f i c a t io n  process does not s t r i c t l y  make use 
of f i l t r a t i o n  and names given to  th is  process such as t r i c k l i n g ,  p e rco la t in g  
and b i o l o g i c a l  f  i I t e r s  a r e  re a l  I y mi s nomas. S i nee i t  is  known t h a t  any 
substance conta in ing both n u tr ie n ts  and b ac te r ia ,  w i l l  on aera t ion  tend t o  
develop a b i o l o g i c a l l y  a c t ive  sl ime,  use of t h i s  has been made In b io lo g ica l  
f i l t e r s  by providing the ba c te r ia  wi th a s tab le  s o l id  support. The support  
medium of ' f i l t e r s *  is t r a d i t i o n a l l y  comprised of c a r e f u l l y  graded stones of  
e i t h e r  coke or c l i n k e r ,  although more rece n t ly  p l a s t i c  m a te r ia ls  have been 
used. The support medium is assembled in c i r c u l a r  beds and s e t t l e d  sewage is 
applied t o  the ' f i l t e r *  from overhead f ixed  or moving s p r in k le rs  (Fig 1.3 and 
P l a t e  1.6).
The b i o l o g i c a l  r e a c t i o n s  lea d in g  t o  t h e  p u r i f i c a t i o n  o f  sewage a r e  
i n i t i a t e d  by the adsorption and agglomeration of  wastewater n u t r i e n ts  onto  
the b i o l o g i c a l l y  a c t iv e  sl ime. The oxygen is then supplied by the  d i f f u s io n  
of oxygen i n t o  th e  moving s tream  o f  w a s t e w a t e r  p e r c o l a t i n g  th rough  t h e  
f i l t e r ,  and t h i s  enables microbial  ox idat ion  of  the n u t r ie n ts  t o  take  place.  
However,  t h i s  o x i d a t i o n  process not o n ly  produces breakdown p ro d u c ts  as a 
r e s u l t  of  microbia l  ox idat ion ,  but a lso the  energy to  produce new b a c t e r ia l  
biomass and t h is  is represented in the fo l lo w in g  equation thus
waste products t  CO2  +NH3  + energy
Organic matter  t  O2  bacter ia
new b a c te r ia l  biomass
T h e r e f o r e  because b i o l o g i c a l  sol ids a r e  a c t u a l  I y produced in s i t u  d u r in g  
bio log ica l  trea tm ent ,  the maximum e f f i c ie n c y  of such processes is  achieved  
when most of the BOD of the wastewater is removed, with  the  minimum formation  
of b io log ica l  so l ids  re su l t in g  from t h a t  process.
The ecology of s l ime layers is very complex and involves the  in t e r a c t io n  
of bacter ia ,  fungi and protozoa,  as wel l  as other  higher organisms which may
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also be associated with  i t .  The basic zoogloel  mass of  the sl ime is produced 
by Zoogloea ramigera and although f i lamentous  bac te r ia  such as Sphaerot i I  us 
and Regg i atoa spp. are general I y present they do not give  r i s e  to  the  bulking  
problems associated wi th the a c t iv a ted  sludge process. Sl ime layers may take  
up to  several weeks to  mature on new so l id  substrates,  but once establ ished  
they can grow to  thicknesses of several  m i l l im e t e r s .  The grazing of  worms, 
sna i ls  and insect larvae on the  s l ime contr ibutes  s ig n i f i c a n t l y  in preventing  
to o  much s i i m e  a c c u m u la t in g ,  a l though  i t  is  o f t e n  th e  sheer  w e i g h t  o f  t h e  
sl ime i t s e l f  which causes detachment or 'sloughing off *  of the s l ime from i t s  
so l id  support. The t re a ted  e f f l u e n t  is then c o l lec ted  a t  the bottom of the  
f  i I t e r  and any sol i ds or  * hum us* c a r r i e d  o ver  in th e  e f f i  uent a r e  s e p a ra te d  
in humus s e t t l i n g  tanks.
Whereas t h e  r e d u c t io n  o f  BOD and suspended sol ids by us ing b i o l o g i c a l  
f i l t e r s  is  s l i g h t l y  less  th an  t h a t  ach ieved  by using t h e  a c t i v a t e d  s lu dge  
process, the  advantages of ' f i l t e r s *  are t h a t  they are simple to  operate ,  are  
more suited to  small communities and are capable of  responding wel l  to  shock 
loadings.
i i )  The activated sJudge process
The act iva ted  sludge process is the most widely  used secondary t re a tm en t  
process in t h e  U.K. ( W i n k l e r ,  1980).  The b i o l o g i c a l  process by which  
wastewater n u t r ie n ts  are removed by the ac t iva te d  sludge process is almost  
i d e n t i c a l  t o  t h a t  of  b i o l o g i c a l  f i l t r a t i o n  w i t h  th e  o n ly  d i f  f  e re n c e  being  
th a t  the b i o l o g i c a l l y  a c t iv e  u n i t  is in the  form of a f lo c c u le n t  suspension 
k e p t  in an a e r a t e d  and a g i t a t e d  system. The f l o e s  are  b i o l o g i c a l  I y a c t i v e  
because they consis t  of  a v a r ie ty  of  d i f f e r e n t  b a c te r ia l  populat ions which 
are  he ld  t o g e t h e r  w i t h i n  a m a t r i x  o f  i n e r t  and i n o r g a n ic  m a t e r i a l .  The  
t rea tm ent  is commenced by s e t t l e d  sewage being passed in to  the  a e ra t io n  tanks  
and th e  c o m b in a t io n  of  a c t i v a t e d  s ludge  f l o e s  and sewage is  c o l l e c t i v e l y  
known as the  mixed l iquor.
The q u a l i t y  o f  t h e  e f f l u e n t  produced by t h e  a c t i v a t e d  s lu d g e  p rocess  
depends l a r g e l y  on th e  s ucc ess fu l  s e p a r a t i o n  of  th e  f l o e  from t h e  t r e a t e d  
wastewater.  The f loes  are sedimented by g r a v i ty  in secondary s e t t l i n g  tanks  
and w h i ls t  par t  of the sludge is wasted or 'surplus* the  r e s t  is re turned t o  
th e  a e r a t i o n  tan ks  t o  m a in t a i n  a ba lanced c o n c e n t r a t i o n  o f  s lu dge  f o r  
e f f e c t i v e  t r e a t m e n t  and a ls o  t o  a c t  as a m i c r o b i a l  inoculum f o r  incoming
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sewage (F ig .  1.2).
The mechanism of f l o e  f o r m a t i o n  is l i t t l e  understood a l th o u g h  i t  is  
known t h a t  b a c t e r  i a, which a re  ind i  genous t o  w a s t e w a t e r ,  w i l l  on a e r a t i o n  
tend to  form f loes  n a tu ra l ly .  Floe formation was once thought to  be caused 
s o l e l y  by s i i m e  producing b a c t e r i a ,  ZoogIoea spp. but  r e c e n t  e v id e n c e  has 
indicated t h a t  a wider range of gram negative ba c te r ia  is a t  leas t  p a r t i a l l y  
responsible  (S te in e r  s t  1976; Winkler ,  1980). In add i t ion ,  attached and 
crawl ing  forms of protozoa are  of ten the signs of  a healthy  a c t iv a ted  sludge 
and t h e i r  r o l e  in the process is thought to  be simply the ingest ion of  f r e e -  
I i v in g  b a c t e r i a .  In s u p p o r t  o f  t h i s  P ike s  and Curd (1971) found t h a t  th e  
absence of p ro to zo a  in t h e  a c t i v a t e d  s ludge process produced a t u r b i d  
e f f l u e n t  and one containing high numbers of  bacter ia .  In comparison fungi  
are not commonly present in the  act iva te d  sludge process.
The v i a b i l i t y  of  the b a c te r ia  present in the  f loes ,  has been studied in 
r e la t io n s h ip  t o  t h e i r  capacity  t o  p u r i fy  wastewaters and i t  has been found, 
r a t h e r  s u r p r i s i n g l y ,  t h a t  t h e  e f f i c i e n c y  o f  t h e  a c t i v a t e d  s lu dge  process  
r e l i e s  p r e d o m in a n t ly  on t h e  moribund n a tu r e  of  th e  f l o e  (Jones ,  1976;  
S t a f f o r d  and Gal l e l y ,  1977).  T h is  is  shown on a graph o f  t r e a t m e n t  t i m e  
versus the concentrat ion of sludge produced, and with  the sludge growth curve  
produced, i t  is  p o s s i b l e  t o  equate  d i f f e r e n t  r e g io n s  o f  t h e  graph w i t h  
ac t iv a ted  sludge treatments  operat ing a t  d i f f e r e n t  loading leve ls  (Fig.  1.4). 
In conventional  treatments,  wi th re te n t io n  t imes of 6 - 8  h, 90-95# of  the  BOD 
and s i m i l a r  amounts of  suspended s o l i d s  a re  removed. In co m p ar iso n ,  high  
r a t e  t r e a t m e n t s ,  w i t h  r e t e n t i o n  t i m e s  o f  as I i t t l e  as 2 h, r e p r e s e n t  o n ly  
crude methods of  t r e a t m e n t  and as such remove low l e v e l s  o f  BOD. However ,  
extended a e r a t i o n  of  t h e  mixed I iquors  f o r  up t o  34 h not  o n ly  a c h ie v e s  a 
good BOD removal bu t  reduces th e  volume of a c t i v a t e d  s lu d g e  by p ro m o t in g  
a e r o b ic  d i g e s t i o n  of  t h e  f l o e .  Even though a e r a t i o n  o f  mixed l i q u o r s  f o r  
extended p e r io d s  is  c o s t l y ,  t h i s  is  more than o f f s e t  by t h e  reduced c o s t s  
associated with  sludge t rea tment  and disposal .  In t h i s  connection extended 
a e r a t i o n  has been i n v e s t i g a t e d  as a more economical  way of  t r e a t i n g  
wastewater and has been found to  possess the  fo l lo w in g  main advantages over  
more normal trea tm ent  processes (Anon, 1981).
a) primary treatment of raw sewage is not required
b) the sludge produced is odourless and requires  no fu r t h e r  t rea tm ent
c) less sludge is produced
d) a good q u a l i t y  e f f l u e n t  is also produced
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A major disadvantage of the act iva ted  sludge process as a whole is i t s  
very s en s i t iv e  nature to  changes in the composition of  the incoming sewage. 
Because of t h i s  problems do occur  and p robab ly  th e  most common o f  t h e s e  is 
t h a t  o f  'b u lk in g *  s ludge.  T h is  is  a c o n d i t i o n  r e s u l t i n g  from t h e  f l o e s  
possessing a l i g h t  and f l u f f y  c h a r a c t e r i s t i c ,  making i t  i n c r e a s i n g l y  
d i f f i c u l t  to  separate them from the t re a ted  wastewater.  This is caused by a 
change in t h e  m i c r o b i a l  p o p u la t io n s  o f  th e  f l o e .  The numerous o rga n ism s  
which have been a s s o c ia te d  w i t h  b u lk in g  in c lu d e ,  f i l a m e n t o u s  b a c t e r i a  
( S pha ero t i lus natans,  S t r e p th r ix  spp.) fungi ( Geotrichum spp.) and blue green 
algae (Eikelboom, 1975). The r i s in g  of sludge in secondary s e t t l i n g  tanks is 
y e t  another sludge condit ion and can occur because the mixed l iquors  are  too  
r ich  in n i t r a t e  and n i t r i t e  compounds. Since nitrogen compounds can be used 
as an a l t e r n a t i v e  energy  source  by some b a c t e r i a  in t h e  a c t i v a t e d  s lu dge  
process,  t h e  a c t io n s  of  th e s e  b a c t e r i a  can produce n i t r o g e n  gas which  is  
subsequently responsible fo r  the r i s in g  of  the sludge In secondary s e t t l i n g  
tanks ( P l a t e  1.5).
More advanced models of  the act iva te d  sludge process have been developed 
t o  overcome some of  th e  d is ad v a n ta g e s  of  t h e  more c o n v e n t io n a l  ways of  
t reatment .  In t h i s  respect the  deep s h a f t  process has been developed by ICI 
and shown t o  have s i m i l a r  advantages  t o  those  l i s t e d  f o r  th e  ex tended  
aera t ion  process (Bolton and Ousby, 1977).
i i i )  tVaste-stabi I i za t io n  ponds
W a s t e - s t a b i I i z a t i o n  ponds or  o x i d a t io n  ponds are  large shal low basins  
u s u a l l y  o n ly  3 -5  f e e t  deep, which a l lo w  f o r  maximum a l g a l  g ro w th .  The 
t r e a t m e n t  of  sewage is unaided by man and thus  t h e  p u r i f i c a t i o n  process  
r e l i e s  e n t i r e l y  on natural  processes involving  the in te r a c t io n  of algae and 
ba cter ia .  Since the  ox idat ion of  wastewater n u t r ie n ts  by these processes is 
s lo w ,  r e t e n t i o n  t im e s  of  up t o  4 weeks a re  o f t e n  r e q u i r e d  t o  t r e a t  sewage  
adequately.  Wastewater s t a b i l i z a t i o n  ponds are  found throughout the  world,,  
but  a r e  more s u ccess fu l  in hot c l i m a t e s  and where s u f f i c i e n t  land is  
a v a i la b le .  The ir  s im p l i c i t y  and cheapness has been la rge ly  responsib le  fo r  
the g rea t  success of  waste -s tabi  I i za t io n  ponds in the t rea tm en t  of  sewage in 
developing countr ies  (Mara, 1976, Rao £ ±  â i . ,  1981).
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The r e l a t i o n s h i p  between p h o t o s y n t h e t i c  a lg a e  and b a c t e r i a  Is  a 
symbiot ic  one (Fig 1.5). The process r e l i e s  on the aerobic ba c te r ia  breaking  
down w a s te w a te r  n u t r i e n t s  t o  produce carbon d i o x i d e  as a b y -p r o d u c t  of  
b a c t e r i a l  m e ta b o l is m .  The carbon d i o x i d e  Is u t i l i s e d  by t h e  a lg a e  t o  
photosyntheslze and t o  complete the cyc le ,  oxygen Is produced as a r e s u l t  of 
photosynthesis which in tu rn  Is used by the aerobic bacter ia .  Large so l ids  
and dead organisms are sedimented to  the bottom of the pond and the  act ion  of  
anaerobic bac te r ia  on these so l ids  eventua l ly  leads t o  the decomposition of 
sludge In to  o f fens ive  smell ing gases such as methane and hydrogen sulphide.  
Nevertheless,  apar t  from the production of  odours, the only other ob jec t ion  
t o  t h i s  method o f  t r e a t m e n t  Is t h e  c a r r y  o ver  o f  a lg a e  In pond e f f l u e n t s .  
This Is sometimes undesirable as the presence of algae In the e f f lu e n t s  can 
often  cause an Increase In the  BOD values.
S t a b i l i z a t i o n  ponds may a ls o  be used e i t h e r  In t h e  form o f  a n a e r o b ic  
p r e t r e a t m e n t  ponds f o r  t h e  p r e l i m i n a r y  t r e a t m e n t  o f  raw sewage or  as 
m a t u r a t i o n  ponds f o r  th e  t e r t i a r y  t r e a t m e n t  of  e f f l u e n t s .  In m a t u r a t i o n  
ponds the  process Is t o t a l l y  aerobic and t h e i r  main functions  are  t o  f u r t h e r  
Improve the hygienic condit ion and general q u a l i t y  of the e f f lu e n ts .
c TTer t la ry  Treatment
In t h e  U.K. t e r t i a r y  t r e a t m e n t  o f  e f f l u e n t s  may add up t o  15^ t o  t h e  
c a p i t a l  c o s t  of  a sewage works ( B a r t l e t t ,  1971).  I t  I s  t h e r e f o r e  o n ly  used 
In specia l ised  cases where e i t h e r  the e f f l u e n t  does not reach the  recommended 
standards or where special c o n d i t io n s  r e s t r i c t  t h e  d is c h a r g e  o f  e f f l u e n t s .  
The emphasis of the  t rea tment  Is to  fu r t h e r  remove suspended s o l id s ,  and t h i s  
Is  c a r r i e d  o u t  by th e  use o f  m a t u r a t i o n  ponds, sand f i l t e r s  or  pe b b le  bed 
c l a r l f l e r s .  In America, more emphasis Is placed on the  removal of  n u t r i e n t s  
from e f f l u e n t s  and t r e a t m e n t  methods more o f t e n  In v o lv e  t h e  a d d i t i o n  o f  
chemicals t o  cause coagulat ion of  nu tr ien ts .
B.The treatment q±  wastewater sol ids
The trea tm ent  and disposal of wastewater sludge Is a c o s t ly  business and 
may account fo r  up to  h a l f  of the t o t a l  cost of  sewage t re a tm ent  ( B a r t l e t t ,  
1971). A s i g n i f i c a n t  proport ion of  so l ids  In raw sewage Is faecal  s o l id s  and 
Gale (1975) has est imated t h a t  on average, w i thout  tak ing  Into  cons idera t ion  
I n d u s t r i a l  wastes ,  0.8 kg o f  s o l i d s  a re  produced per person per  day.  The
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amount of waste sludge produced in any one sewage trea tm ent  p lan t  w i l l  not 
only  depend on th e  type  o f  waste  t o  be t r e a t e d  but a ls o  on t h e  method of  
secondary t r e a t m e n t  t o  be used, because b i o l o g i c a l  waste  sol Ids ,  such as 
humus and act iv a ted  sludge, are a c tu a l ly  produced in s i tu  during secondary 
wastewater treatment .
Both p r im a r y  raw sludge and b i o l o g i c a l  s ludge may e i t h e r  be t r e a t e d  
s e p a r a t e l y  or  mixed j u s t  p r i o r  t o  t r e a t m e n t .  A l l  u n t r e a t e d  s lu dges  a re
c h a r a c t e r i z e d  by having a low so I Ids c o n t e n t  and t h i s  sol Ids c o n t e n t  may
range from 5$ f o r  raw s ludge t o  less  than 1  ^ f o r  s u r p lu s  a c t i v a t e d  s ludge .
The alms of sludge t rea tment  are four fo ld ,  namely t o : -
a) s t a b i l i z e  the sludge (reduce I t s  b io log ica l  a c t i v i t y )
b) to  reduce the sludge volume, thus achieving cheaper disposal  costs
c) t o  Improve the aes th e t ic  aspect of the sludge
d) to  remove microbial  pathogens and paras i tes
However, because the degree of sludge t rea tm ent  w i l l  u l t i m a t e l y  depend 
on the  f in a l  method of disposal ,  not a l l  wastewater sludges are  t re a te d  p r i o r  
to  disposal .  For Instance,  In some coastal areas.  I t  Is  thought t o  be both 
s a f e  and economic t o  dump u n t r e a t e d  raw sludge d i r e c t l y  o u t  t o  sea.  About  
30^ of a l l  sludge whether t re a ted  or untreated Is disposed of to  sea, w h i le  a 
larger  percentage Is dispersed over a g r ic u l tu ra l  land and the  remainder Is 
disposed of onto s p e c i f ic  dumping s i te s  (W ink le r ,  1980). I t  Is  ev iden t  fo r  
the reasons l i s t e d  previously ,  t h a t  sludge disposed of to  land must re ce ive  a 
c e r t a in  amount of trea tm ent  fo r  I t s  use to  be both safe and hygienic .  Since 
sludges are  r ich  in ni trogen and phosphorus, they are valuable  f e r t i l i z e r s ,  
and t h e  a r range m ent  by which s ludge  Is disposed of  t o  a g r i c u l t u r a l  land ,  
b e n e f i t s  both fa r m e r  and w a t e r  a u t h o r i t y .  The s lu dges  which c o n t a i n  t h e  
h i g h e s t  f e r t i l i z e r  v a lu e  a re  th e  l i q u i d  s ludges because n i t r o g e n  and 
phosphorus a r e  r e le a s e d  t o  t h e  s ludge l i q u o r s  d u r in g  t r e a t m e n t  and I t  Is  
In te re s t in g  to  note t h a t  some 30^ of a l l  sludge wastes put out onto land are  
In t h i s  form ( W i n k l e r ,  1980).  However t o  reduce  d isp o sa l  c o s t s .  I t  Is  
b e nef ic ia l  to  f i r s t  concentrate the sludge so l ids  before disposal  even though 
t h i s  reduces the  leve ls  of nitrogen and phosphorus by removing water  and a lso  
concentrates the heavy metals associated with  the sol ids.
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The possible forms of sludge t rea tm ent  and the stages a t  which sludge is 
disposed of t o  v a r io u s  s i t e s ,  a re  r e p r e s e n te d  in F ig .  1.6.  ( a l s o  see P l a t e s  
1.7 t o  l . ^ j .
a) Consol I dat ion
Consol idat ion or thickening of raw or mixed sludges may be undertaken as 
a p re l im in a ry  trea tm ent ,  w ith  the aim of roughly doubling the so l ids  content  
of the  sludge. In a s i m i l a r  way to  primary s e t t l i n g  of raw sewage, sludges 
a re  he ld  in tanks  f o r  p e r io d s  o f  up t o  2 days and sol Ids a re  removed s im p ly  
by g r a v i ta t io n a l  sedimentat ion.  Sludge l iquors a r is in g  from conso lida t ion ,  
and a l I  other  subsequent t rea tm ent  processes, are then returned t o  the head 
of the works t o  rece ive  fu r t h e r  treatment .
b) Stab 11Izat ion
The most common s t a b i l i z a t i o n  trea tm ents  are b io log ica l  and Include I) 
digest ion  and i i )  composting.
i ) Digest ion
D i g e s t i o n  o f  s lu d g e  may t a k e  p l a c e  u n d e r  a n a e ro b ic  o r  a e r o b i c  
condi t ions,  although the former is more common. I t  has been reported t h a t  
h a l f  o f  a l l  sewage s ludge in t h e  U.K. is t r e a t e d  by a n a e ro b ic  d i g e s t i o n  
( B a r t l e t t ,  1971). In fa c t ,  in the Thames Water Author ity  area,  as much as 80% 
of the to t a l  dry tonnage of sludge disposed of each year has been accounted 
fo r  by anaerobic digested sludge (Hurley and Rachwal, 1981).
The t e m p e r a t u r e  of  d i g e s t i o n  can be used t o  c h a r a c t e r i z e  t h e  ty p e  of  
d igest ion .  I r re s p e c t iv e  of  whether I t  Is  anaerobic or aerobic. As b io lo g ica l  
reac t ion  ra tes  are Increased with  temperature,  the r e te n t io n  t im e  of sludge 
in digesters  is d i r e c t l y  r e la te d  to  t h i s  parameter (Table 1.5)
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Plate  1.7
The experimental  
aerobic thermophil  
d ig e s te r  located  
at  Plant A
jm ###
Plate  1 .8  Anaerobic digested sludge in secondary s e t t l i n g  tanks 
(consol ida tion)
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Plate  1 .9  Surplus a c t iv a te d  sludge conditioned by a p o ly e le c t r o ly t e  
and dewatered by c e n t r i fu g a t io n  (cen tr i fu g e  in background)
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Table JU l  Types o l  d igest ion
Descr ipt ion Temperature Retention  
range (®C) Times (days)
Cold 7-15 >100
Mesophil ic 30-35 20-35
Thermophilic 45-55 5-20
Dur ing  anaerob i c d i g e s t i o n  o f  raw s Iu dge ,  rough I y h a l f  o f  t h e  o r g a n ic  
m a t t e r  is  broken down t o  s o l u b l e  and gaseous substances.  One o f  t h e  gases  
produced during anaerobic d igest ion ,  methane gas, is a valuable  energy source 
and is  used t o  p ro v id e  th e  energy  necessary  t o  h e a t  th e  d i g e s t e r s  t o  t h e  
required operat ional  temperatures. The breakdown of organic m at te r  is a 3 -  
s tage  process and f o r  i t s  c o m p le t io n  r e l i e s  on th e  presence  o f  s u c c e s s iv e  
waves of d i f f e r e n t  microorganisms.
The process can be represented th u s : -
Saphrophytic acid fermenting methanogenic _
Prote ins amino acids  ^f a t t y _______________ ^ 2
 — ^
Polysaccharides sugars acids 4
robacter ia  bacter ia  b a c te r ia  2
I t  is  o n ly  t h e  methanogenic b a c t e r i a  which a re  slow g ro w in g  and h i g h l y  
susceptib le  to  change and as a r e s u l t  mainta in ing a balanced popula t ion of  
th e s e  b a c t e r i a  in d i g e s t e r s  is  th e  key t o  s e c u r in g  an e f f i c i e n t  a n a e r o b ic  
d i g e s t i o n  process.  Consequently  average  r e t e n t i o n  t i m e s  of s lu d g e  a re  so 
designed as t o  prevent a "wash out" of  these important ba c te r ia .
D i g e s t e r s  a re  fed i n t e r m i t t e n t l y  w i t h  s ludge  one or  more t i m e s  a day 
whereas withdrawals  are often made d a i ly  but may be made as o c cas io n a l ly  as 
once a week. T h is  f i l l  and w i th d ra w  method, because o f  i t s  d e s ig n ,  is  
l a rge ly  responsible fo r  the v a r ia b le  residence t imes of sludge in d igesters
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and can only r e s u l t  in the short  c i r c u i t i n g  of some sludge sol ids.
Aerob ic  d i g e s t io n  is  more c o s t l y  t o  pe r fo rm  than a n a e ro b ic  d i g e s t i o n  
p a r t l y  because methane gas is not produced. I t  is however, a simple  process 
and is  o f t e n  used a t  s m a l l e r  sewage t r e a t m e n t  p l a n t s  where a n a e r o b ic  
digest ion would be im prac t ica l .  The process of aerobic d igest ion  has been 
r e p o r t e d  by W in k le r  (1980) t o  be s i m i l a r  t o  t h a t  o f  th e  d i g e s t i o n  of  
act iva ted  sludge during extended aerat ion .  Although very l i t t l e  in fo rmation  
e x i s t s  as t o  th e  mechanism of a e r o b ic  d i g e s t i o n .  Burrow ^JL., ( 1 980) have  
i n v e s t i g a t e d  th e  a e r o b ic  d i g e s t i o n  o f  sludge a t  d i f f e r e n t  temperatures but  
only on an experimental  basis.  The ir  experimental  th erm oph i l ic  d iges fe r  is  
si tuated  a t  P lant  A and although as ye t  few r e s u l ts  have been obtained they  
have speculated t h a t  the process w i l l  al low high loading ra te s ,  acce lerated  
degradation of  so l ids  and p a r t i a l  s t e r i l i z a t i o n  of  the sludge.
The addi t ion  of chemicals is another method of s t a b i l i z i n g  sludge and is  
more often  pract ised in sm al le r  sewage works. Lime/coperas t re a tm e n t  a t  pH 
1 1  or  above is  commonly used and i t  has been r e p o r t e d  t o  reduce  odours ,  
d e s t ro y  pathogens and c o n d i t i o n  t h e  s ludge p r i o r  t o  d e w a t e r i n g  ( W i n k l e r ,  
1980).
i i ) Composting
The product  of  compost ing w a s t e w a t e r  s ludge  is  a humus-1 ike  s o i l  
c o n d i t i o n e r ,  which is  both s t a b l e  and o d o u r - f r e e .  Composting is  more  
commonly used in America than in the U.K. and may be performed by e i t h e r  the  
a e r a t e d  p i l e  system or th e  windrow method. An example of  an a e r a t e d  p i l e  
system fo r  composting raw sludge has been described by Hutchinson (1979) fo r  
a p l a n t  lo c a ted  in Yarmouth (U.S.A.).  For t h i s  process t o  s t a r t ,  raw s lu d g e  
is f i r s t  mixed wi th woodchips and then b u i l t  up in to  p i l e s  12-14 f e e t  wide by 
8 - 9  f e e t  h igh.  S t r i c t  mechanical  c o n t r o l  o f  th e  t e m p e r a t u r e  (4 5 °C )  and 
oxygen l e v e l s ,  enab les  th e  maximum a c t i  v i t y  of  t h e r m o p h i l i c  b a c t e r  i a and 
under these condi t ions the sludge takes 3 -4  weeks to  decompose. The compost 
is  then  s to re d  or  "cured" b e f o r e  f i n a l  d isp o sa l  t o  land.  By c o m p a r is o n ,  
using t h e  windrow method, th e  o p e r a t i o n a l  p a ra m e te rs  a re  not  s t r i c t l y  
c o n t r o l  led and oxygen is s u p p i ie d  s im p ly  by t u r n i n g  over  t h e  pi l e s  d a i I y .  
Temperatures reached throughout the p i l e  are not uniform and t h i s  is one of  
t h e  p r i n c i p a l  reasons why w i t h  t h i s  method, longer  r e t e n t i o n  t i m e s  a r e  
needed.
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c) Consoli dation
Treated sludge may again be thickened before fu r th e r  t rea tm ent  or even 
before disposal . Anaerobic digested sludge has a typ ica l  so l ids  content  of 
about 23%  and i t  has c o n s is te n t ly  been found d i f f i c u l t  to  conso lida te  t h i s  
sludge (Hurley and Rachwal, 1981). For instance.  Hurley and Rachwal reported  
t h a t  digested sludge may re qu ire  as long as 1 0 0  days ren ten t ion  in secondary 
s e t t l i n g  tan ks  t o  a c h ie v e  o n ly  a s o l i d s  c o n t e n t  a l th o u g h  th e y  a ls o  
reported t h a t  t h is  t im e  period could be d r a s t i c a l l y  reduced i f  the sludge was 
aerated p r io r  to  thickening.
d) Sludge condit ioning
Sludge c o n d i t i o n i n g  is  t h e  process by which s ludge  is  t r e a t e d  by 
phy s ic a l  or chem ical  means t o  i mprove th e  s e t t  I i  ng a b i l i t y  o f  t h e  s lu dge .  
Ph ys ic a l  c o n d i t i o n i n g  processes a r e  less  common because of  t h e i r  c o s t  and 
in c lu d e  h e a t  t r e a t m e n t  under p r e s s u re ,  f r e e z e - t h a w  i ng and bombardment by 
i o n i z i n g  r a d i a t i o n .  By c o n t r a s t ,  t h e  a d d i t i o n  of  c h e m i c a l s ,  such as 
p o l y v a l e n t  in o r g a n ic  ions (A |3 + ,  Fe^+) or p o l y e l e c t r o l y t e s ,  is  chea per  and 
can w i t h  ease g r e a t l y  improve t h e  s e t t l i n g  a b i l i t y  o f  s lu d g e .  The  
a g g r e g a t io n  of  s ludge p a r t i c l e s  by c h e m ic a ls  is  ach ieved  by t h e  c h e m i c a l s  
acting as i n t e r p a r t i c l e  bridges or n e u t r a l i z in g  the  negat ive  charge on the  
solids.  In recent  years the use of p o ly e le c t ro ly te s  has been increasing,  as 
they  have been found t o  be p a r t i c u l a r l y  e f f e c t i v e  in t h e  c o n d i t i o n i n g  of  
d i f f i c u l t  si udges. T h is  was found t o  be th e  case by Hayes ( 1 978)  who, when 
unable successful ly  to  dewater sludge by using normal chemical cond i t io n ers ,  
found t h a t  th e  a d d i t i o n  of  p o l y e l e c t r o l y t e  t o  th e  s ludge g r e a t l y  improved  
d e w a te r in g .  Although p o l y e l e c t r o l y t e s  can be used t h r o u g h o u t  d i f f e r e n t  
stages of  wastewater and sludge t rea tm ent ,  i t  is very important  t o  use only  
optimum c o n c e n t r a t i o n s  of  p o l y e l e c t r o l y t e .  This is because, e s p e c ia l l y  in 
the case of sludge, too much p o ly e le c t r o ly t e  instead of causing the p a r t i c l e s  
t o  f l o c c u l a t e ,  w i l l  a c t u a l l y  r e d i s p e r s e  t h e  s o l i d s .  T h is  is  e x p l a i n e d  
diagrammatical  ly in Fig.  1.7.
e) Dewateri ng
The re m o v a l  o f  w a t e r  f ro m  s l u d g e ,  t o  g i v e  i t  q u a s i - s o l i d  
c h a r a c t e r i s t i c s ,  is  te rmed d e w a t e r i n g .  The amount o f  w a t e r  which can be
- 3 6 -
figure  1 .7  The f lo c c u la t io n  o f  c o l lo id a l  p a r t i c le s  by a p o ly e le c t r o ly te
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removed from a sample not only depends on the c h a r a c te r is t ic s  of the sludge 
but on th e  ty p e  of  d e w a te r in g  method used. In g e n e r a l ,  a c t i v a t e d  and 
digested sludges are d i f f i c u l t  to  dewater and th is  agrees wi th the work of 
Ohara a l . ,  (1978) who found t h a t  s ludges c o n t a i n in g  f i n e r  p a r t i c l e s  
required more chemical t rea tm ent  and were more d i f f i c u l t  to  dewater.
Mechanica l  methods of d e w a te r in g  in c lu d e  f  i I t e r - p r e s s  i ng, vacuum 
f i l t r a t i o n ,  b e l t  p re s s in g  and c e n t r i f u g a t i o n ,  in descending order of t h e i r  
a b i l i t y  t o  remove w a t e r .  Vacuum f i l t r a t i o n  of  raw s ludge  may g i v e  a dry  
sol ids  content of about 30^ whereas the same t rea tment  employed in t r e a t i n g  
s u rp lu s  a c t i v a t e d  s ludge  may g i v e  a dry s o l i d s  c o n t e n t  o f  less  than I5p 
(G a le ,  1975).  Wi th th e  more d i f f i c u l t  s lu dges ,  such as a c t i v a t e d  and 
digested sludge, c e n t r i f u g a t io n  may provide a s u i ta b le  a l t e r n a t i v e  dewatering  
method, in contrast ,  f i l t e r  presses are capable of producing sludge 'cakes' 
w i t h  a 40p or more dry s o l i d s  c o n te n t .  Cakes may be e i t h e r  i n c i n e r a t e d ,  
dumped on land or  a l t e r n a t i  v e l y  used as sol id f e r t i I  i z e r s ,  a l t h o u g h  in t h e  
l a t t e r  case i t  is  im p o r t a n t  t o  s t o r e  th e  cakes f o r  a t  l e a s t  I y ea r  t o  a I low 
the so l ids  to  crumble.-
Mechanica l  d e w a te r  i ng is  not th e  o n ly  method a v a i l a b l e  t o  reduce th e  
water content of sludges, and probably s t i l l  the most common and the s im ples t  
method of  d e w a te r in g  is  t h a t  o f  a i r  d ry in g  s ludge in beds. A i r  d r y in g  can 
r a i s e  th e  s o l i d s  c o n t e n t  t o  about 40p in 10-15 days ( B i t t o n ,  1980) by a 
combination of fac tors  Including the  drainage and evaporation of  water  and 
the s e t t l i n g  of sludge sol ids.  One f u r t h e r  method which Is not now common I y 
used because of i t s  cost,  is inc ine ra t ion .  With th is  method both t r e a te d  and 
raw s ludges can be i n c i n e r a t e d  and t h e  r e s u l t a n t  p ro d u c t ,  an a s h - l i k e  
substance, is re a d i ly  disposable.
—$ 8 —
I I I  THE SURVIVAL OF VIRUSES IN SEWAGE TREATMENT PLANTS 
A. The fa te  ^  viruses .during wastewater treatment
The m a jo r i ty  of viruses enter ing a sewage t reatm ent p lan t  are embedded 
w i t h i n  fa e c a l  s o l i d s .  The amount o f  v i r u s  p r e s e n t  in raw sewage is  h i g h l y  
v a r ia b le  and is re la te d  to  the prevalance of in fe c t ion  in the community, the  
hygiene level of the community, the season and the t ime of day.
Sel l  wood e t  ^ . ,  (1981) observed t h a t  the numbers and range of v iruses  
i s o l a t e d  from raw sewage c l o s e l y  r e f l e c t e d  th e  ty pes  o f  v i r u s  c i r c u l a t i n g  
w i t h i n  t h e  community.  The f reque ncy  of  v i r u s  typ e s  in raw sewage is  
s e a s o n a l l y  d i s t r i b u t e d  and i t  Is w e l l  e s t a b l i s h e d  t h a t  th e  numbers of  
enteroviruses  peak from la te  summer to  e a r ly  autumn ( P a l f i ,  1971; B o t t lg e r ,  
1973; Buras, 1974). I t  is also known t h a t  the quant i ty  of  v iruses e n te r ing  a 
sewage trea tment  p lan t  var ies  over a 24 h period,  of ten peaking tw ic e  in one 
day ( S a f f e r m a n  and M o r r i s ,  1 9 7 6 ) .  T h e s e  f a c t s ,  t o g e t h e r  w i t h  t h e  
s e l e c t i v e n e s s  o f  i s o l a t i o n  t e c h n iq u e s ,  f o r  p a r t i c u l a r  groups o f  e n t e r i c  
viruses (usua l ly  enteroviruses),  make i t  d i f f i c u l t  to  compare one set of  data 
w i t h  a n o th e r .  A summary of  r e c e n t  q u a n t i t a t i v e  s t u d i e s ,  showing t h e  
concentrat ion of e n te r ic  viruses in raw sewage, is represented in Table 1.6. 
Given a l l  of the above l im i t a t io n s  i t  does appear t h a t  the number of  v iruses  
iso la ted from raw sewage is r e la te d  to  the d i f f e r e n t  geographical  regions of  
th e  w o r ld .  Th is  can range from 35 pfu per I i t r e  in Canada t o  1.3 x 10^ pfu  
per l i t r e  in Israel  and i t  has been observed t h a t  a re la t io n s h ip  does e x i s t  
between lower socio-economic groups and higher v irus  concentrat ions  (C larke  
and Kabler,  1964).
Where a t t e m p t s  have been made t o  i s o l a t e  r e o v i r u s  and a d e n o v i r u s ,  
large numbers have been detected ( C l iv e r ,  1975; Sel I wood ^  M . ,  1981; I rv ing  
and Smith,  1981; R l d i n g e r ^ M . #  1982). S a t ta r  and Westwood (1977) observed 
t h a t  18% of v iruses isolated from raw sewage were i d e n t i f i e d  as re o v i ru s  and 
in fa c t  enteroviruses may represent only a small f r a c t io n  of  the t o t a l  v i rus  
load of raw sewage. This is unfor tunate as most of the in fo rmation  r e l a t i n g  
to  v irus  removal by wastewater t rea tment  is assessed by detect ing  seeded or  
indigenous col iphage and enterovirus .  Recent work on the removal of  o ther  
e n te r ic  v iruses (adenovirus,  reovirus and ro ta v i ru s )  has Indicated t h a t  these  
viruses are more r e s is t a n t  to  wastewater t rea tm ent  than enterov iruses  (Smith
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and Gerba, 1980; I rv ing  and Smith,  1981). The danger of using enteroviruses  
as the only ind ica tors  of v iruses in wastewater,  is th a t ,  one t h i r d  of cases 
of v irus  contamination may be missed ( I r v in g  and Smith,  1981).
Ente r ic  viruses are more r e s i s t a n t  to  various trea tm ent  processes than 
b a c t e r i a  of  f a e c a l  o r i g i n  (U iga  and C r i t e s , 1980,  see T a b le  1.7) .  Whereas  
b a c t e r i a  under t h e  r i g h t  c o n d i t i o n s  can m u l t i p l y  in w a s t e w a t e r  systems,  
v i r u s e s  can not rep I i c a t e  o u t s i d e  t h e i r  hos ts ,  and t h e i r  numbers can o n ly  
decline.  The subject of  v i rus  removal during wastewater t re a tm ent  has been 
reviewed by Grabow (1968),  Berg (1973a,b) and more re cen t ly  by Gerba (1981).  
T r e a t m e n t  processes  remove s u b s t a n t i a l  amounts o f  v i r u s  but none can 
guarantee a t o t a l l y  v irus  f re e  e f f lu e n t .
Processes which remove v i r u s e s  in p r i m a r y ,  secondary  and t e r t i a r y  
t reatments include adsorption,  and sedimentat ion and these may or may not be 
fo l lowed by in a c t iv a t io n .  Possible b i o t i c  mechanisms of v irus  in a c t i v a t io n  
may include enzyme degradation,  adsorption to  surfaces causing a denaturing  
of the prote in  coat,  s e n s i t i s a t io n  or a t tack  by ox id iz in g  or reducing agents.
a) Primary Treatment
Most of  th e  e a r l  i e r  i n v e s t i g a t i o n s ,  d e s p i t e  being qua I i t a t i  ve ,  found  
th a t  primary s e t t l i n g  of raw sewage produced l i t t l e  or no reduct ions  In the  
l e v e l s  o f  ind i  genous v i r u s  (81 oom ^  ^ . ,  1 95 9; Mack M . ,  1962; Bush and 
I Sherwood, 1966; England 1967). Q u a n t i ta t iv e  studies w i th  laboratory
or f u l l  scale sewage t rea tm ent  p lants  have shown t h a t  v a r ia b le  r e s u l t s  can 
occur  but  v i r u s  rem ova ls  a re  g e n e r a l l y  low. In two independent  s t u d i e s  
employing f u l l  scale operat ional  p lants ,  bacteriophage f 2  inoculated in to  the  
i n f l u e n t  gave v i r u s  r e d u c t io n s  o f  32.2 and 46.8% a f t e r  p r im a r y  s e t t  l i n g  o f  
t h e  raw sewage (Sherman e± ^ . ,  1975; Naparshak ^ . ,  1976 ) .  A s tudy  in 
I n d i a ,  by Rao ^  a l . ,  (1977 )  dem onst ra ted  t h a t  by em ploying  2 h s e t t l i n g  
p e r io d s ,  an average 62.5% r e d u c t io n  of  indigenous e n te r ic  v iruses  occurred 
th ro u g h o u t  t h e  yea r .  T h is  average  in c lu d e d  much lower  v i r u s  re m o v a ls  of  
29.3% which were reported during the  monsoon period and was a t t r i b u t e d  to  
th e  c o n t in u a l  d is t u r b a n c e  of th e  s e t t l i n g  process by heavy r a i n s .  T h e i r  
r e l a t i v e l y  high percentage of v i rus  removal during s e t t l i n g  was achieved by 
th e  a d d i t i o n  o f  3% r e t u r n e d  a c t i v a t e d  s ludge  t o  t h e  raw sewage. T h is  was 
reported t o  improve the s e t t l i n g  c h a r a c t e r is t i c s  of  the suspended so l ids .
—4 2 -
Berg (1971) reported th a t ,  a f t e r  a 3 h s e t t l i n g  period,  no less than 97% 
of the viruses present in raw sewage, would remain in the primary e f f l u e n t ,  
d e s p i t e  a 50% r e d u c t io n  in t h e  suspended s o l i d s .  L a b o ra t o ry  s t u d i e s  by 
Clarke e± (1961) have shown t h a t  in s ig n i f i c a n t  amounts of seeded v irus
were removed during a s im i l a r  s e t t l i n g  period.  Extending the s e t t l i n g  t ime  
to  24 h removed 75% of the suspended so l ids  but on average only 45.8% of the  
virus .  Since the m a jo r i ty  of viruses a t  t h is  stage are s o l id  associated i t  
would appear re a s o n a b le  t o  suggest t h a t  a high p r o p o r t i o n  of  v i r u s e s  a re  
s im p ly  sed imented  w i th  th e  suspended s o l i d s  (Berg,  1973a).  However as 
dem onstrated  by th e  l a t t e r  i n v e s t i g a t i o n ,  t h e  removal o f  v i r u s  canno t  be 
t o t a l l y  a t t r ib u te d  to  the se t t lem ent  of suspended sol ids.
The s ize  of so l id  p a r t i c l e s  has been found to  play an important  r o l e  in 
t h e  d i s t r i b u t i o n  o f  v i r u s e s  (Gerba ^  a l . ,  1978a; H e jk a l  1981 ) .
H e jk a l  ^ . ,  r e p o r t e d  t h a t  28% of  v i r u s e s  in raw sewage were  a s s o c i a t e d  
w i t h  s o l i d s  l a r g e r  than 0.3 pm and suggested t h a t  a high p r o p o r t i o n  o f  
v i r u s e s  may be a t ta c h e d  t o  p a r t i c l e s  smal 1er than 0.22 pm in d i a m e t e r .  In 
another study, the largest  number of so l id  associated col iphages were found 
to  be attached to  secondary e f f l u e n t  p a r t i c le s  g reater  than 8 . 0  jjm and less 
than 0.65 pm in diameter (Gerba M  1978a). Since primary s e t t l i n g  w i l l
on ly  sed im en t  s o l i d s  l a r g e r  than 100 pm and o n ly  15% of  t h e  t o t a l  s o l i d s  
weight is se t teab le ,  a large proport ion of  the small and c o l lo i d a l  p a r t i c l e s  
w i l l  remain in the primary e f f l u e n t  (R icket and Hunter, 1971). This may be 
responsible fo r  the large numbers of  r e a d i ly  de tectab le  v i ru s ,  attached to  
c o l lo id a l  p a r t i c l e s ,  which are found in primary e f f lu e n t .  However, what t ru e  
p r o p o r t i o n  th e s e  v i r u s e s  r e p r e s e n t  in raw sewage is u n c e r t a i n ,  as i t  is  
d i f f i c u l t  t o  assess a c c u r a t e l y  th e  amounts o f  v i r u s  embedded and adsorbed  
w i t h i n  fa e c a l  and o t h e r  s o l i d s  which c o m p r ise  t h e  s e t t l e d  s lu dge  (Berg ,  
1973a).  Inc reases  in th e  a p p a re n t  v i r u s  t i t r e  have been observed  d u r in g  
primary t rea tment  and t h is  has been a t t r ib u t e d  to  the breaking up of sewage 
s o l i d s  making v i r u s  more e a s i l y  d e t e c t a b le  ( K o l l i n s  1966; England q±  a l . .  
1967).
b) Secondary Treatment
The three  most widely  used b io log ica l  t reatm ents  for  secondary t re a tm en t  
of primary e f f lu e n ts  are
i)  b io log ica l  f i l t r a t i o n
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i i )  the act iva ted  sludge process
i l l )  s t a b i l i z a t i o n  ponds
i ) B io log ica l  f i I t r a t i o n
The removal of  v i r u s  by b i o l o g i c a l  f i I t r a t i o n  appears  t o  be g e n e ra l  I y 
poor,  and e r r a t i c  r e s u l t s  have been o b t a in e d .  V i ru s  rem ova ls  have ranged  
from the in s ig n i f i c a n t  (Ke l ly  and Sanderson, 1959; Malherbe and S t r i c k la n d -  
Chomley, 1967a; Buras, 1976) t o  removals approaching 100% (Berg, 1973a; Nupen 
e t  a l . .  1974).  Not a l l  v i r u s e s  may be removed w i t h  s i m i l a r  e f f i c i e n c i  es.  
Sel I wood and DadswelI (1981), in a q u a l i t a t i v e  study, found t h a t  t o t a l  v i rus  
c o n t e n t  of  t h e  e f f l u e n t  was a p p a r e n t l y  50% less th an  a t  t h e  I n l e t ,  bu t
pol iov i ruses  were reduced by a f u r t h e r  25%.
I t  is th o u g h t  t h a t  v i r u s  removal by f i l t r a t i o n  is  a r e s u l t  o f  v i r u s  
adsorption subsequently fo l lowed by in a c t iv a t io n .  Many at tempts  t o  is o la te
v irus  from f i l t e r  sl ime layers have proved unsuccessful (K e l ly  and Sanderson,
1959; O l i v e r ,  1975; C la r k e  and Chang, 1975).  However,  t h i s  would not  
expla in  the low removal s obtained by b io log ica l  f i l t e r s  and Berg (1973a) has 
speculated t h a t  the process is i n e f f i c i e n t  because viruses do not make good 
contact  wi th the adsorptive surface,  and once adsorbed are e a s i l y  e lu ted  o f f .
Sherman ( 1 975 ) r e p o r t e d  t h a t  t h e  e f  f  ic  i enc i es of  two f u l l  s c a l e
f i l t e r  p lants  in removing inoculated f2 were only 9 and 18.9%. However, the
use of  a less c o n v e n t i o n a l l y  designed b i o l o g i c a l  f i l t e r  may improve  
e f f i c i e n c y  f u r t h e r .  C la r k e  and Chang (1975) using a bench s c a l e  r o t a t o r y  
tube t r i c k l i n g  f i l t e r  found t h a t  84,83 and 94% of p o l io v i ru s  I ,  echovirus 2 
and C o x s a c k ie v i ru s  A9 r e s p e c t i v e l y ,  were removed by using a m odera te  f lo w  
r a t e  (10 mgd) through th e  p l a n t .  S i m i l a r  rem o v a ls  were a ls o  o b t a i n e d  f o r  
f a e c a l  b a c t e r i a .  A h ig h e r  f lo w  r a t e  (23 mgd) proved less  e f f i c i e n t  and on 
average reduced v i rus  removal by 19%.
i i )  The act iva ted  sludge process
Even from e ar ly  invest igat ions  using crude methods, the a c t iv a te d  sludge  
process was re cognised  as being th e  b e s t  b i o l o g i c a l  t r e a t m e n t  f o r  v i r u s  
removal (Bloom M  1959; Bush and Isherwood, 1966; England M  M . ,  1967).  
The r e l a t i v e  e f f i c i e n c i e s  of  th e  a c t i v a t e d  s ludge process both in th e  
laboratory and under f i e l d  condit ions have resu l ted  in en te rov i rus  removals
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of  90% or  more (Kel I y M  a l . ,  1961, C la r k e  q±  a l . ,  1961,  Rao e l  a l . ,  1977;  
H e jka l  a l  a l . ,  1981).  The mechanism of  v i r u s  i n a c t i v a t i o n  is  u n c l e a r ,  
although many studies have indicated t h a t  the e f f i c ie n c y  of a t rea tm ent  p lan t  
is  c l o s e l y  re  I a ted  t o  i t s  c a p a c i t y  t o  remove s o l i d s  ( B a l l u z  a l  a l . ,  1 977;  
Saf fe rm a n  & M o r r i s ,  1976; H e jk a l  a l  a l . ,  1981).  V i ru s e s  become r e a d i l y  
a s s o c ia te d  w i t h  a c t i v a t e d  s ludge  f l o e s  (99% of  Coxsack ie  A9 in 45m in)  and 
a d s o r p t io n  conforms t o  th e  F r e u n d l ic h  a d s o r p t io n  iso th e rm  ( C l a r k e  e t  a I . .  
1961).  A la r g e  p r o p o r t i o n  of  ind igenous v i r u s e s  a re  a s s o c ia t e d  w i t h  t h e  
f loes ,  such t h a t  th is  proport ion of  v irus  has been found to  be 5 to  10 t imes  
more than the concentrat ion of  f r e e  v i ru s  in the l iq u id  phase (Moore a l  a l . ,  
1974). The ac t iva ted  sludge process is e s s e n t ia l l y  a t r a n s f e r  of  v i ru s  from 
the  p r im a r y  e f f l u e n t  t o  th e  s lu dge  f l o e .  However,  v i r u s  a d s o r p t i o n  Is  not  
synonymous w i t h  v i r u s  i n a c t i v a t i o n  and many inves t iga t ions  have f a i l e d  to  
d i s t i n g u i s h  between th e  two.  T h is  is  im p o r t a n t  in s ludge  d is p o s a l  as 
a c t i v a t e d  s ludge f l o e s  have been shown t o  r e t a i n  v i r u s  i n f e c t ! v i t y  when 
d i r e c t l y  plated out onto c e l l s  (Moore a l  a l . ,  1974; Farrah a l  a l . ,  1978).
B i o l o g i c a l  antagonism may be one o f  many f a c t o r s  i n f l u e n c i n g  v i r u s  
in a c t iv a t io n .  The a c t iva ted  sludge is comprised of a complex b io lo g ica l  mass 
w i t h  consi  d e r a b I e  p o p u Ia t io n s  o f  b a c t e r i a  and c i  I i  at e s .  F I a v o b a c t e r  i um. 
K le b s ie l l a  and Aerobacter are a l l  ba c te r ia  species which have been iso la te d  
from a c t i v a t e d  s lu dge ,  and which possess a n t i v i r a l  a c t i v i t y  a g a i n s t  
p o l i o v i r u s  I ( K e l l y  M  M . ,  1961).  Pseudomonas a e r u g i n o s a . a s p e c i f i c
b a c te r iu m  which possesses a n t i v i r a l  a c t i v i t y  against Coxsackievirus A9 has 
a ls o  been i s o la t e d  (Cl i v e r  and Herrmann,  1972).  Al though c i l i a t e  p ro to z o a  
have been observed t o  in g e s t  p ic o r n a v i r u s e s  (Chang, 19 7 0 ) ,  t h e i r  r o l e  In 
v irus  in a c t iv a t io n  w i th in  the  a c t iva ted  sludge process is unclear.
The physiological  s ta te  of the f lo e  may be another c o n t r ib u t in g  fa c t o r  
a s s i s t i n g  v i r u s  i n a c t i v a t i o n .  When K e l I  y a l . ,  ( 1961 )  bubbled n i t r o g e n  
through mixed l iquor  fo r  5 h or aerated a sample of primary s e t t l e d  sewage, a 
reduction in v i rus  i n f e c t l v i t y  was observed. Aerat ion of  mixed l iq u o r  fo r  5 
h in t h e  presence of  v i r u s ,  r e s u l t e d  in a s i g n i f i c a n t  amount o f  v i r u s  
removal. The degree of removal was found to  be g re a te r  i f  v i ru s  was present  
before aera t ion  ra th e r  than a f t e r  aerat ion.  I t  was thus concluded t h a t  the  
aera t ion  process a l te re d  the b io log ica l  a c t i v i t y  of the f lo e  to  promote v i ru s  
removal during s e t t l i n g .  In the same in v e s t ig a t io n ,  a bench sca le  a c t iv a te d  
sludge ta n k ,  a f t e r  a 4 h r e t e n t i o n  p e r io d ,  was c a p a b le  o f  rem oving  99% or  
more of  in o c u la te d  v i r u s .  L i k e w i s e ,  C la r k e  a l . ,  (1961 )  us ing  an
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e x p e r imental continuous act iva ted  sludge system ( re te n t io n  t im e  6-7 h) were 
a b le  t o  remove 98 ,  90 and 97% of C o x s a c k ie v i r u s  A9, p o l i o v i r u s  I and 
CO I ip h a g e  r e s p e c t i v e l y .  They suggested t h a t  suspended so I ids ,  col  lo i  da I 
m a t e r i a l ,  t o x i c  substances and a e r a t i o n  were  a l l  i m p o r t a n t  f a c t o r s  
in f luencing v i rus  removal in the act iva ted  sludge process.
S i m i l a r  r e s u l t s  have been r e p o r t e d  f o r  t h e  removal o f  both seeded and 
indigenous v irus .  A study in India by Rao a ±  M . ,  (1977) found t h a t  a 90-99% 
r e d u c t io n  in v i r u s e s  o c c u r re d  d u r i n g  t h e  a c t i v a t e d  s l u d g e  p r o c e s s ,  
i r r e s p e c t i v e  of  whether  i t  was t h e  dry or  r a i n y  season. H e jk a l  e t  a I . .  
(1981) observed a 92% r e d u c t io n  in v i r u s  l e v e l s  a f t e r  t h e  a c t i v a t e d  s lu dge  
process and t h i s  corresponded to  a 92% reduction in suspended so l ids .  They 
a ls o  found t h a t  o n ly  3.4% of  t h e  v i r u s  in a c t i v a t e d  s ludge  e f f l u e n t s ,  was 
s o l i d  a s s o c ia te d  and t h i s  p e rce n ta g e  rose  s i g n i f i c a n t l y  t o  7.7% a f t e r  
c h lo r in a t io n .  This phenomenon has been noted by many in v e s t ig a to rs  and the  
p r o t e c t i o n  a f f o r d e d  by th e  sol id t o  t h e  v i r u s  has been shown t o  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  v i rus  survival  in ch lor ina ted  e f f l u e n t  (Stagg M  a l . ,  1977; 
H e jk a l  a l  M . ,  1979).
Naparstek a l a l., (1976) monitored the  removal of f2 bacteriophage in a 
f u l l  scale  act iv a ted  sludge p lant .  The reduct ion in phage t i t r e  was only  6 6 % 
and c h lo r in a t io n  was the s in g le  most e f f i c i e n t  process fo r  v i ru s  removal.  
Safferman and Morr is  (1976) reported much higher reductions of  f2 between 89-  
98% by e m p l o y i n g  a f u l l  s c a l e  t h r e e  s t a g e  a c t i v a t e d  s l u d g e  p l a n t ,  
incorporat ing n i t r i f i c a t i o n ,  c l a r i f i c a t i o n  and d e n i t r i f i c a t i o n  steps.
B a l l u z  _sl  iU. .,  (1977; 1978) observed t h a t  t h e r e  was a d i s t i n c t
d i f fe re n c e  between the behaviour of p o l io v i ru s  I and f2 in a laboratory  scale  
model a c t i v a t e d  s ludge p l a n t .  Th is  was found t o  be a t t r i b u t a b l e  t o  t h e  
d i f fe rences  in the adsorption of  v i rus  to  the so l ids  in the mixed l iquor .  At  
about t h e  same t i m e ,  Gerba ^  ^ . ,  (1 978a )  r e p o r t e d  t h a t  <1.0 t o  24% of  
coliphage and 3 t o  100% of enteroviruses  were associated w i th  e f f l u e n t  s o l id s  
(>0.45 pm) and on average enteroviruses  appeared to  have a g re a te r  tendency 
t o  be assoc i a ted  w i t h  s o l i d s  than d id  c o l ip h a g e .  The fo r m e r  a u th o r s  found  
t h a t  18% o f  f2  was a s s o c ia te d  w i t h  t h e  sol id f r a c t i o n  o f  mixed I iq u o r  and 
20.4% of phage appeared in the ac t iva ted  sludge e f f l u e n t .  This contrasted  
sharply with  the  d is t r ib u t io n  of  po l io v i ru s  I in which 85% of the  v i r u s  was 
associated wi th  the so l ids  and only 0.4% of v i ru s  persis ted in the e f f l u e n t .  
A fte r  inocula t ion of  the bacteriophage had stopped, in fec t ious  f2 remained in
—4 6 —
th e  s o l i d s  f r a c t i o n  and acted  as a source  of  i n f e c t i o n  f o r  t h e  l i q u i d  
f r a c t i o n  whereas p o l i o v i r u s  I d e c l in e d  t o  such Iow numbers t h a t  d i l u t i o n  
factors  alone could not account fo r  i t s  loss and i t  was th e re fo re  thought to  
be in a c t i v a te d .
The t e m p e r a t u r e ,  r e t e n t i o n  t i m e s ,  c o n c e n t r a t i o n  o f  mixed l i q u o r  and 
v irus  inoculum were a l l  operat ional  parameters which were found to  in f luence  
f2 behaviour during the act iva te d  sludge process (Bal luz  and B u t le r ,  1979). 
When the p lan t  was operated a t  5°C, more bacteriophage was iso la ted  from the  
l i q u i d  phase, and when a low inoculum was used, more b a c t e r io p h a g e  was 
i s o l a t e d  from th e  s o l i d  phase.  M a l i n a  ^  a l . ,  (1974)  r e p o r t e d  t h a t  
operational  parameters did not e f f e c t  t h e i r  o vera l l  recovery of  v i rus ,  but as 
noted by Ba l luz  and B u t le r  (1979) the e f f i c i e n c y  with  which v i ru s  is removed 
across the p lan t  is the leas t  s e n s i t iv e  determinant  of v i ru s  behaviour.
The work o f  B a l l u z  a l  ^ . ,  (1978 ;  1979) c o n t r i b u t e s  t o  t h e  e v e r  
increasing amount of data which suggests t h a t  no two v iruses are  a l i k e .  Gerba 
a l a l., (1980a)  observed t h a t  t h e  degree  t o  which e n t e r o v i r u s e s  adsorb t o  
act iva ted  sludge f lo e  and to  other m a te r ia ls  depended on both t h e i r  type and 
s t r a i n .  A r e c e n t  i s o l a t e  of  C o x s a c k ie v i r u s  B4 adsorbed p o o r ly  t o  s lu dge  
f loes  when compared to  i t s  corresponding laboratory s t r a in ,  and echovirus I 
adsorbed less  e f f i c i e n t l y  than o t h e r  e n t e r o v i r u s e s .  S i m i l a r l y ,  s im ia n  
r o t a v i r u s ,  S A - I I ,  has been found, in compar ison t o  pol i o v i r u s  I ,  t o  adsorb  
poor I y t o  a c t i v a t e d  s ludge  f l o e s  (F a r r a h  ^  ^ . ,  1 978).  As a resu I t  i t  was 
suggested by Farrah jêl M . ,  (1978) t h a t  wastewater t re a tm ent  processes t h a t  
are h ighly  e f f e c t i v e  in removing enteroviruses,  may not be as e f f e c t i v e  in 
removing other e n te r ic  viruses.
R eov irus  (a c lo s e  r e l a t i o n  t o  r o t a v i r u s )  appears t o  be more r e s i s t a n t  
than e n t e r o v i r u s  and is d e te c t e d  in l a r g e r  numbers in a c t i v a t e d  s lu dge  
e f f l u e n t  both before and a f t e r  c h lo r in a t io n  (England ^  M . ,  1967; I rv in g  and 
S m ith ,  1981).  By comparing th e  numbers o f  v i r u s  in raw sewage and 
c h l o r i n a t e d  secondary e f f l u e n t  samples I r v i n g  and Smith  observed t h a t  
reoviruses were reduced by only 28%, adenoviruses by 85% and enterov i ruses  by 
93%. In add i t ion ,  one - th i rd  of the e f f l u e n t  samples tested were p o s i t i v e  fo r  
reovirus  and/or adenovirus in the absence of any enterovi rus .  L ikewise ,  in 
an e n c o u r a g i n g  new d e v e l o p m e n t  i n d i g e n o u s  r o t a v i r u s ,  d e t e c t e d  by 
immunofluorescence, from raw and secondary b io lo g ica l  e f f l u e n t s ,  was iso la te d  
in t h e  absence of i n f e c t i o u s  e n t e r o v i r u s e s  (Sm ith  and Gerba,  1980).
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P r e l i m i n a r y  r e s u l t s  have in d i c a t e d  t h a t  l i k e  r e o v i r u s ,  r o t a v i r u s  is  less  
e f f i c i e n t l y  removed than e n t e r o v i r u s  by secondary b i o l o g i c a l  t r e a t m e n t s  
(T a b le  1.8).
R a d i o a c t i v e  l a b e l l i n g  s t u d i e s  have enabled  t h e  r e l a t i o n s h i p  between  
v irus  adsorption and v irus  in a c t iv a t io n  to  be determined. These studies show 
t h a t  a d s o r p t io n  is  succeeded by i n a c t i v a t i o n  but  i t s  e f f e c t s  a r e  not  
im m edia te  (Moore  1974; Mai i na ^  a l . ,  1974).  A f t e r  a 2 h a e r a t i o n
p e r io d ,  n e a r l y  a I I of  th e  i n f e c t l v i t y  of  th e  v i r u s  was a s s o c ia t e d  w i t h  t h e  
f lo e ,  whereas a greater  proport ion of  r a d i o a c t i v i t y  was associated w i th  the  
I iq u id  phase (Moore M . ,  1 97 4 ) .  Th i s was exp I ai  ned by p a r t i  cI  es,  wh ich 
had been adsorbed once,  be ing i n a c t i v a t e d  and r e le a s e d  t o  t h e  s u p e r n a t a n t .  
A f t e r  an a e r a t i o n  p e r io d  o f  2.5 h,60% o f  t h e  v i r u s  a c t i v i t y  was s t i  I I found  
to  be w i th  the sol ids.  The data obtained by Malina ,  s ±  M . ,  (1974) indicated  
t h a t  a d s o r p t io n  was im m ed ia te  and t h a t  a f t e r  a 45 min a e r a t i o n  p e r io d  
i n a c t i v a t i o n  of  t h e  v i r u s  commenced. The p r o p o r t i o n  of  i n f e c t i o u s  v i r u s  
recovered  from th e  sol ids was reduced by 2 - 3  logs ,  depending on t h e  sol  ids  
concentra t ion,  over a 24 h period.
G lass  and O 'Br ien (1980) i n v e s t i g a t e d  t h e  i n a c t i v a t i o n  r a t e s  of  
p o l io v i ru s  I,  Coxsackievirus Bl and n a tu r a l l y  occurring col iphage ,  by d i r e c t  
inocula t ion  of the mixed l iquor  samples. The in a c t iv a t io n  ra tes  were s i m i l a r  
fo r  en te rov i rus  and col iphage,  suggest ing  t h a t  phage i n a c t i v a t i o n  c o u ld  be 
used as an ind ica to r  fo r  ente rov irus  in a c t iv a t io n .  The ra tes  fo l lowed f i r s t  
order k in e t i c s  and were independent of the f low ra te s  of  mixed l iq u o r  through 
the a c t iva ted  sludge tanks. Using the  c a lcu la ted  in a c t iv a t io n  r a t e ,  they were 
able to  p re d ic t  t h a t  a 99% reduction of  v i ru s  would fo l lo w  a 24 h exposure t o  
th e  a c t i v a t e d  s ludge process.  T h is  was found t o  c o i n c i d e  w i t h  o t h e r  
in act iva ted  ra tes  determined from the data published by Mai ina  ^  a l . ,  (1975)  
and Bal I uz M . ,  ( 1 9 7 7 ) .  Assuming t h a t  al I d a ta  was c o m p ara b le  over  a 
c e r t a in  mixed l iquor  so l id  concentrat ion,  they p lo t ted  a l l  a v a i l a b l e  data on 
a graph showing v i r u s  i n a c t i v a t i o n  a g a i n s t  t h e  hours o f  a c t i v a t e d  s lu dge  
t r e a t m e n t  (F ig .  1.8).
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Fîgure Fate q±  enteroviruses  during act iva ted  eludge treatment,
total percent removed
X virus inactivation
<finfective viruses adsorbed 
to solids
treatm ent tim e (h)
(adapted from Glass and O 'Br ien ,  1981)
From t h e  graph they  were a b le  t o  p r e d i c t  t h a t  d u r in g  t h e  f i r s t  2 0 - 5 0  
min, i n a c t i v a t i o n  is m in im a l  and about 15%  of  th e  o r i g i n a l  v i r u s  is  
associated with  the f lo e .  As the aera t ion  t im e  increases,  the percentage of 
in fec t ious  v i rus  adsorbed t o  the so l ids  in mixed l iquor  decreases. Even so, 
a f t e r  a 1 0  h aera t ion  period,  although 99^ of  the v i rus  is apparently  removed 
25^ of t h e  s o l i d  assoc i a t e d  v i r u s  s t i l l  re m a in s  i n f e c t i  ous. Th i s is  borne  
o u t  by t h e  many s t u d i e s  in which ind igenous v i r u s  has been c o n s t a n t l y  
i s o l a t e d  from waste  a c t i  v a ted  s ludge  samples ( C l ! v e r ,  1975 ; H u r s t  ^  a I . .  
1978) .
i l l )  S t a b i I i z a t i o n  ponds
The removal o f  v i r u s  has been s tu d ie d  in both e x p e r i m e n t a l  and f u l l  
s c a l e  w a s t e - s t a b i I i z a t i o n  ponds, both as a secondary t r e a t m e n t  proc ess  
(Malherbe and Str ickiand-Chomley,  1967b; C h r is t i e ,  1967; Kruse, 1971; Rao 
al .p 1981) and as a t e r t i  a ry  t r e a t m e n t  process (Eng I and a l . ,  1 967; Nupen 
e t  a I . .  1 974 ) .  F i e l d  stud i es have g i ven low bu t  v a r  i ab I e resu I t s ,  a I though
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many of th e  e a r l  1er s t u d ie s  were o n ly  qual i t a t i  ve I  y based. Shuval (1978)  
reported removals as diverse as 0-96^ in a pond with  a 20 day re te n t io n  t ime  
whereas Kruse (1971) using a model ox idat ion  pond found a 99.99^ reduction in 
v i r u s  a t  2 8 ° C  o v e r  a p e r i o d  o f  7 - 8  days .  S h o r t  c i r c u i t i n g  w i t h i n  
s t a b i l i z a t i o n  ponds has been suggested as a p o s s i b l e  reason f o r  some low 
r e c o v e r i e s  and th e  a c t io n  of  s o l a r  r a d i a t i o n  may be a d e c i s i v e  f a c t o r  in 
v i r u s  I n a c t i v a t i o n  (M a lh e rb e  and S t r  ick  I and-Chomel y, 1967b). Sunl ight has 
been found t o  i n a c t i v a t e  v i  ruses i n w a t e r  ( B i t t o n  ^  a l . ,  1979c) and i t  is  
obvious t h a t  an e f f i c i e n t  v i r u s  removal would be expected  under a ho t  and 
sunny c l im a t e  in the upper regions of a s t a b i l i z a t i o n  pond (B i t to n ,  1980).
Removal and/or in a c t iv a t io n  In s t a b i l i z a t i o n  ponds may occur because of  
th e  s y n e r g i s t i c  e f f e c t s  of  t e m p e r a t u r e ,  a d s o r p t i o n ,  a l g a l - b a c t e r i a l  
antagonism ,  s ludge a c t i v i t y  and t h e  presence o f  ammonia (Rao jsl  a l . ,  198 1). 
Temperature has been found to  play an important r o l e  in the  removal of  v i ru s  
from ponds. Nine maturat ion ponds rece iv ing  b io log ica l  f i l t e r  e f f l u e n t s  were 
found to  reduce v i rus  loads by an average 99^ but the e f f i c i e n c y  was found t o  
be g r e a t e r  in summer (Nupen ^  ^ . ,  1974).  L i k e w i s e  Rao a l . ,  ( 1981 )  
reported removal values of  89-98% fo r  summer and only 66-89% f o r  w in te r .  In 
t h e  same study a 3 f o o t  deep pond was si i g h t l y  less  e f f i c i e n t  in removing  
v i ru s  than a 4 or 5 foot  deep pond and in a f u l l  sca le  m u l t i c e l l e d  pond, 95% 
of indigenous v i rus  was removed from the  i n i t i a l  raw sewage.
In laboratory studies,  Sobsey and Cooper (1973) observed t h a t  p o l io v i ru s  
r a p id ly  adsorbed t o  pond so l ids  and t h i s  fo l lowed the  Freundlich adsorption  
isotherm. Although t h i s  react ion  was re v e rs ib le ,a d s o rp t io n  accounted fo r  a 
large percentage of v i rus  removal. In the  same study appreciable  p o l io v i r u s  
i n a c t i v a t i o n  occurred  in l a b o r a t o r y  c u l t u r e s  of  mixed a j g a l - b a c t e r i a l  
populat ions from s t a b i l i z a t i o n  ponds. Bio log ica l  antagonism was a lso  found 
by C h r i s t i e  (1967) bu t  found not  t o  be s i g n i f i c a n t  by M a lh e rb e  and 
S t r  ick  I and-Chomel y (1 967b) .  B i o l o g i c a l  antagonism may a lso be an in d i r e c t  
mechanism as bui ld  up of  metabolic wastes w i th in  ponds may produce a h o s t i l e  
environment fo r  v i rus  s urv iv a l .
c) Tertiary Treatment
T e r t i a r y  trea tm ent of wastewater e f f lu e n t s  may involve coagula t ion  or  
sed i m e n t a t io n  w i th  alum, 1 i me or  p o l y e l e c t r o l y t e s  o r  f  i I t r a t i  on th rough  
sand o r  a c t i v a t e d  carbon.  O ther  than d i s i n f e c t i o n  coagulat ion is probably
- 51 -
the s ing le  most e f f e c t i v e  chemical procedure fo r  removing v iruses from water.  
Viruses are s e t t le d  out with  the  f loes  and may remain v ia b le  in the re s u l t in g  
chemical sludge and of ten a f t e r  l ime trea tm ent  a t  pH 10.5 (S a t ta r  and Ramia, 
1978).  Sand f i l t r a t i o n  and a c t i v a t e d  carbon a d s o r p t io n  are  both less  
e f f i c i e n t  t e r t i a r y  t r e a t m e n t s  f o r  removing v i r u s .  An a n a l y s i s ,  of  t h e  
v a r io u s  d i f f e r e n t  t r e a t m e n t  processes  f o r  removing v i r u s  from b i o l o g i c a l  
e f f lu e n t s ,  is shown in Table 1.8.
Table 1^9. Enterovirus removal during t e r t i a r y  treatment M  e f f l u e n t s .
Type of Treatment % Virus Removal
1: Chemical coagulat ion
Alum and f e r r i c  ch lo r ide 40 -  99
P o ly e le c t r o 1ytes 2 -  99 .9
Lime (Calcium hydroxide) 90 -  99.999
2: Sand f  i 1t r a t i o n 1 0 -  90
3: Carbon adsorption 0 -  50
(Adapted from Gerba, 1981)
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B. fa te  M  viruses during sludge treatment
Wastewater sludges are not ea s i ly  su ited to  chemical t rea tments ,  w i th  
th e  e x c e p t io n  of  l im e  t r e a t m e n t ,  and th e  most common t r e a t m e n t s  a re  
b io lo g ica l  ( O l i v e r ,  1975).
The p r e f e r e n c e  of  v i r u s e s  t o  rem ain  or become bound t o  p a r t i c u l a t e  
m a t t e r  d u r in g  w a s te w a te r  t r e a t m e n t ,  suggests  t h a t  a l a r g e  p r o p o r t i o n  of  
viruses are simply concentrated in sludge. Primary sludge may conta in  up to  
1.4 X 1 ind igenous v i r u s e s  per l i t r e  (Berg and Berman, 1980) o r  2 .2x  10^ 
v i r u s e s  per gram, as expressed in r e l a t i o n  t o  t h e  dry w e ig h t  of  t h e  sample  
(Turk  ^  ^ . ,  1980).  The feed t o  a d i g e s t e r  may c o n s i s t  o f  raw a n d /o r  
a c t i v a t e d  s ludge.  A c t i v a t e d  s ludge compared t o  raw s ludge  c o n t a i n s  much 
low er  v i r u s  t i t r e s ,  which can be as low as 3.8 v i r u s e s  per gram ( H u r s t  e t  
a I . .  1978).  S ince  raw s ludge makes up t h e  bulk  o f  s o l i d s  e n t e r i n g  a
d igester ,  i t  w i l l  c ontr ibute  s ig n i f i c a n t l y  to  the v i rus  load of the  feed.
Primary raw sludge and waste a c t iva ted  sludge, not only d i f f e r  in t h e i r  
chemical contents but also in t h e i r  assoc iat ion wi th  v i rus .  As expla ined in 
the previous section,  the a ct iva ted  sludge process is e s s e n t i a l l y  a t r a n s f e r  
of  v i r u s  from th e  p r im a ry  e f f l u e n t  t o  t h e  s ludge.  V i ru s e s  would be more  
e a s i l y  de tectab le  in act iva ted  sludge than raw sludge, because in the  l a t t e r ,  
t h e  v i r u s  has a tendency t o  be embedded deep w i t h i n  sewage s o l i d s .  The 
i n f e c t i v i t y  of  v i r u s  w i th  i n so I ids is  c l e a r l y  masked and v i rus i sol  a t i  on 
methods must take the existence of these solid-bound v iruses in to  account.  
I t  is known t h a t  sludge so l ids  r e t a in  t h e i r  i n f e c t l v i t y  (Lund, 1971) and the  
e n t r y  of  bound v i r u s  i nto cel  I s has been found t o  be m e d ia te d  o n ly  by t h e  
normal c e l l  receptor v irus  in te ra c t io n  (Ward and Ashley, 1979b).
a) Anaerobic m û  aerobic d i gestion
The methods used t o  d i g e s t  s ludge  remove v i r u s e s  t o  v a r i o u s  degrees  
depending on th e  ty p e  of  d i g e s t i o n  ( a n a e r o b ic  or a e r o b i c ) ,  t e m p e r a t u r e  
(m e s o p h i l i c  or  t h e r m o p h i l i c ) ,  r e t e n t i o n  t i m e s ,  pH and c e r t a i n  c h em ic a l  
p r o p e r t i e s  o f  th e  s ludge.  M e s o p h i l i c  a n a e ro b ic  d i g e s t i o n  is  t h e  most  
common I y used method and has been found to  give e r r a t i c  re s u l ts .  In genera l ,  
i t  has been found t h a t  indigenous v iruses survive  trea tm ent ,  and v i r u s  t i t r e s  
up t o  4.1 X 10^ pfu per  l i t r e  have been recorded  from a n a e r o b ic  d i g e s t e d
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sludge (Berg and Berman, 1980). The poor in a c t iv a t io n ,  sometimes associated  
w i t h  t h i s  t r e a t m e n t  has been a t t r i b u t e d  t o  the  o p e r a t i o n  and design of  
digesters ,  re s u l t in g  in : -
a) Incomplete mixing w i th in  the d igester ,  causing a s i g n i f i c a n t  amount of
sludge to  appear in the o u t l e t  in as l i t t l e  as one day
b) Short  c i r c u i t i n g ,  r e su l t in g  in an e a r ly  sludge loss
c) Inadequate  h e a t in g  so t h a t  a l l  p a r t s  o f  t h e  d i g e s t e r  do not reach t h e
required temperature
In a d d i t i o n  i t  has been suggested t h a t  a d s o r p t io n  o f  th e  v i r u s  t o  t h e  
sol ids may a f f o r d  p r o t e c t i o n  of  th e  v i r u s  a g a i n s t  h e a t  (Moore al., 1 976; 
E is e n h a r d t  a± al., 1977). I t  is  r e p o r t e d  t h a t  v i r u s  i n a c t i v a t i o n  is  
in c rea sed  by longer  r e t e n t i o n  t im e s  ( P a l f i ,  1973; Sanders  a l ^ . ,  1979) and 
h ig h e r  t e m p e r a t u r e s ,  e s p e c i a l l y  those  c h a r a c t e r i s t i c  o f  t h e r m o p h i l i c  
condi t ions  (Sanders a±  al., 1979; Berg and Berman, 1980).
Complex in te rac t ions  can occur between the  chemical components of  sludge 
and the environment.  I t  has been noted t h a t  inocula t ing  v i ru s  d i r e c t l y  in to  
a n a e ro b ic  d ig e s te d  s lu dge,  r e s u l t e d  in an im m ed ia te  loss o f  50% or  more  
i n f e c t i o u s  v i r u s  (Ward and A s h l e y , 1976; Subrahmanyan, 1977) .  Using  
r a d i o a c t i v e  lab e l  led v i r u s .  Ward and Ashley  were a b le  t o  d e m o n s t r a t e  t h a t  
non-detection was in fa c t  due t o  v i rus  in a c t iv a t io n .  The same was not t r u e  
f o r  raw s ludge as most of  t h e  in o c u la t e d  i n f e c t i o u s  v i r u s  was r e c o v e r e d .  
Deta  i l e d  chem i caI  stud i es showed t h a t ,  t h e  v i r i c i d a l  a g e n t  was assoc i  a ted  
with  the l iq u id  phase of digested sludge and was l a t e r  i d e n t i f i e d  as ammonia 
(Ward and Ash ley ,  1977a). The mechanism of p o l i o v i r u s  i n a c t i v a t i o n  was 
d e te rm in e d  as c le a v a g e  of  v i r a l  RNA w i t h i n  p h y s i c a l l y  i n t a c t  p o l i o v i r u s  
p a r t i c l e s  (Ward, 1978).
In a c t iv a t io n  with  ammonia was highly  pH dependant. At pH 7,  ammonia is  
present in i t s  ionic  form and has no v i r i c i d a l  a c t i v i t y  whereas fo l lo w in g  an 
in c re a s e  in pH, i t  is  co n ve r ted  t o  i t s  non-charged v i r i c i d a l  form ( T a b l e  
1.10).  Both raw and d ig e s te d  s ludge e x p e r i e n c e  v i r i c i d a l  a c t i v i t y  a t  pH 7.5 
but  s in c e  raw sludge is n o r m a l l y  a t  pH 6  and d ig e s t e d  s lu d g e  a t  pH 8 , 
v i r i c i d a l  e f f e c t s  a re  on ly  a s s o c ia t e d  w i t h  t h e  l a t t e r .  The mechanism o f  
ente rov irus  in a c t iv a t io n  by ammonia was thought to  be h igh ly  sp e c ia l is ed  as 
reovirus  3 was e f fec ted  to  a much lesser degree (Table 1.1 I ).
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Table _L 1Q V i r i c i d a l  a c t i v i t y  o f  ammon] a m  a -function o f
pH %NH:
9
10
< 1 
5 
41 
87
(Adapted from Ward & Ashley,  1977a)
Table  J...1.1 I h e  e f f e c t  o l  ammon.ia 3 ±  d l l l e r .ent oH values on j ± e  recovery  
o l  some e n te r ic  viruses
$ Recovery
V i rus NH4 CI (pH7) NH4 CI (pH 9 .5 )
Po l io  1 (CHAT) 53 <0.000035
Pol io  2 (Mahoney) 6 8 <0.000014
Coxsackie A13 35 <0 . 0 0 0 1 2
Coxsackie Bl 52 <0.000046
Echo 11 34 <0.00015
Reo 3 62 3.1
(adapted from Ward and Ashley, 1977a)
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By i n o c u l a t i n g  v i r u s  i n t o  a n ae ro b ic  d ig e s t e d  s lu d g e .  Ward and Ashley  
(1976)  observed t h a t  a t  4°C and 28°C, a 90% r e d u c t io n  of  p o l i o v i r u s  1 
o c curred  a f t e r  5 days and I day r e s p e c t i v e l y .  Subrahmanyan (1977) a ls o  
demonstrated th a t  temperature contr ibuted to  the r a te  of  v i rus  in a c t iv a t io n  
as v irus  seeded in to  digested sludge survived fo r  many weeks a t  ambient pH 
and fo r  even longer a t  4°C. Survival  t imes var ied wi th  the v i ru s  type such 
t h a t  Coxsackievirus A9 survived for  less than 2 weeks. Coxsackievirus 64 and 
B2 fo r  between 4-5 weeks and po l io v i ru s  fo r  longer periods.
Bovine p a r v o v i r u s  is more h e a t  s t a b l e  than e n t e r o v i r u s  and has been 
used t o  i n v e s t i g a t e  th e  e f f e c t  of  t e m p e r a t u r e  on l i q u i d  manure wastes  
undergoing a n a e ro b ic  or  a e r o b ic  d i g e s t i o n  ( S r i  v a s ta v a  and Lund, 1980) .  
In a c t iv a t io n  ra tes  obtained under aerobic condi t ions  were b e t t e r  than those 
o b ta in e d  under a n a e ro b ic  c o n d i t i o n s  (T a b le  1.12).  I n a c t iv a t io n  ra te s  were 
also independent of temperature and i t  was only under anaerobic condi t ions  
t h a t  temperature was found to  inf luence v i rus  in a c t iv a t io n .
Table 1.12 Aerobic m û  anaerobic d igest ion M  I iquid manure wastes M
& and 2QPQ
(a)
( days log “ b
Treatment 5°C 2 QOC
Aerob i c 6.3 7
Anaerobic 188 2 0
(a )  I log reduction in bovine parvovirus in x days
(Adapted from Sr ivastava and Lund, 1980)
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Th i s a p p a re n t  g r e a t e r  e f f i c i e n c y  of  aerobic  d igest ion  co n t ra d ic ts  the  
f i n d i n g s  of  F a r rah  e l  a l . ,  (1981a)  who found t h a t  a e r o b ic  d ig e s t e d  s ludge  
c o n ta in e d  about 2 0  t im e s  more ind igenous v i r u s  than a n a e r o b ic  d ig e s t e d  
s ludge.  However,  t h e  a e r o b ic  d ig e s t e d  s ludge used by F a r ra h  a l  al., was 
r e p o r t e d  in an e a r l i e r  i n v e s t i g a t i o n ,  t o  have a pH between 4.8 and 6 .5 ,  
(Pancorbo al al., 1981) and the digested l iq u id  manure used by Sr ivastava  and 
Lund had a pH of  9. T h is  di f fe r e n c e  in pH and t h e  consequent d i f f e r e n c e  i n 
th e  s t a t e  of  th e  ammonia may have been a c o n t r i b u t o r y  f a c t o r  t o  v i r u s  
i n a c t i v a t i  on, and m ig h t  exp l a i n  t h e  b e t t e r  v i r i c i d a l  p r o p e r t  i es o f  l i q u i d  
manure.
Al I of  t h e  s t u d i e s  so f a r  r e p o r t e d  p r o v id e  I i t t l e  i n f o r m a t i o n  on t h e  
p o t e n t i a l  of  m e s o p h i l i c  a n a e r o b ic  d i g e s t i o n  t o  i n a c t i v a t e  v i r u s e s .  
Experiments to  in ves t ig a te  t h i s  have been performed by inocula t ing  v i ru s  in to  
p i l o t  s c a le  d i g e s t e r s  (B e r tu c c  i ^  M . ,  1977; E is e n h a r d t ,  1977; Sanders e l  
a I . .  1979) .  B e r tu c c i  e t  a l . ,  o p e ra ted  t h e  d i g e s t e r  a t  35°C  f o r  14 days and 
of  th e  e n t e r o v i r u s e s  t e s t e d ,  C o x s a c k Ie v i r u s  A9 was i n a c t i v a t e d  t o  t h e  
g re a tes t  extent  (97.3 % d“ b  and echovirus 11 the least  (74.9% d“ b  w h i le  the  
r e s t ,  pol io  v i r u s  1 and C o x s a c k ie v i r u s  B4 f e l  I w i t h i n  t h i s  range.  Over t h e  
24h p e r io d ,  t h e  r a t e  of  v i r u s  i n a c t i v a t i o n  was found t o  f o l  low f i r s t  o r d e r  
k i n e t i c s .  In a s i m i l a r  s tudy .  C o x s a c k ie v i r u s  B3 was i n o c u l a t e d  i n t o  an 
e x p e r im e n t a l  d i g e s t e r  (3 5°C  f o r  35 days) and was found t o  i n a c t i v a t e  a t  a 
r a te  of  2 logs per day (Eisenhardt,  1977).
Although a l l  of the  re s u l ts  obtained from seeding experiments produced 
s i m i l a r  i n a c t i v a t i o n  r a t e s ,  ev ide nc e  suggests  t h a t  v i r u s ,  n a t u r a l  I y 
associated with  so l ids ,  is more r e s i s t a n t  to  d igest ion (Moore ^  a l . ,  1976; 
Berg and Berman, 1980). An improvement on the previous seeding experiments  
was p ioneered  by Moore a l  a l . ,  (1978)  and used by Sanders  a l  M . ,  ( 1 9 7 9 ) .  
The v i ru s  was f i r s t  incorporated into  the feed ac t iva ted  sludge by a e ra t io n  
f o r  4h and t h i s  was fo l  lowed by d i g e s t i o n .  Moore a l a l . ,  r e p o r t e d  a 99.99% 
reduction a f t e r  a 30 day r e te n t io n  period and t h i s  was markedly lower than 
r a t e s  o f  i n a c t i v a t i o n  noted f o r  those  r e p o r t s  using " f r e e "  v i r u s  ( F i g  1 .3 ) .  
The same was found by Sanders a l a l . ,  a l though  th ey  observed  a r a p i d  
i n a c t i v a t i o n  r a t e  in t h e  f i r s t  24h ( e q u i v a l e n t  t o  a 90% loss per  day)  
fo l lowed by a much lower subsequent r a te  of  in a c t iv a t io n .  This second r a t e  
was used t o  compare i n a c t i v a t i o n  a t  t h e r m o p h i l i c  (50°C) and m e s o p h i l i c  
t e m p e r a t u r e s  (37°C) .  At 50°C ,  i n a c t i v a t i o n  was very  r a p i d  (100% loss in a 
day) ,  whereas a t  37°C ,  61% of  th e  v i r u s  was s t i  I I re c o v e red  a f t e r  a 10 day
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FIGURE 1.9 Poliovirus recovery during anaerobic sludge digestion
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re te n t io n  t ime, increasing the re te n t io n  t ime in the mesophi l ic range from 5 
to  1 0  days, increased the r a te  of in a c t iv a t io n  from 3 7  to  48%.
Few s t u d i e s  concern ing  t h e  i n a c t i v a t i o n  o f  ind igenous v i r u s  d u r in g  
anaerobic d igest ion  have been reported,  but i t  appears t h a t  reov i rus  may be 
more r e s i s t a n t  t o  d i g e s t i o n  than o t h e r  en te ro v i ru ses  ( P a l f i ,  1973; O l iv e r ,
1975).
By using a s e m i - q u a n t i t a t i v e  method, P a l f i  (1973 )  assessed t h e  
e f f i c i e n c y  o f  a 3 -s ta g e  a n ae ro b ic  d i g e s t e r  ( r e t e n t i o n  t i m e  40 days,  a t  3 0 -  
33°C) and est imated t h a t  5% of the indigenous v i rus  input survived t rea tment .  
Berg and Berman (1980) i n v e s t i g a t e d  both t h e r m o p h i l i c  (4 9 ° C ,  20 days) and 
m e s o p h i l i c  d i g e s t i o n  (35°C,  20 days) and observed t h a t  v i r u s e s  were  more 
r e s i s t a n t  t o  t r e a t m e n t  than b a c t e r i a .  The presence o f  v i r u s e s  in raw and 
subsequently digested sludge could not be predicted by the  numbers of  faecal  
s t r e p t o c o c c i  or c o l i f o r m s  in th es e  s u b s t r a t e s .  The o n ly  u s e fu l  i n d i c a t o r  
found was t h a t  the  r a te  of in a c t iv a t io n  of  faecal  s treptococci  could be used 
t o  p r e d i c t  t h e  r a t e  o f  i n a c t i v a t i o n  o f  v i r u s e s  d u r i n g  d i g e s t i o n .  
T h e r m o p h i l i c  d i g e s t i o n  was more e f f i c i e n t  than m e s o p h i l i c  d i g e s t i o n  and 
removed 99-99.9% and 90% of v iruses respect ive ly .  In a s e r ie s  of experiments  
by Ward and Ash I ey t h e  I ow s u r v i v a l  o f  v i ruses  in si udges a t  thermoph i I ic  
t e m p e r a t u r e s  was found t o  be a s s o c ia te d  w i t h  t h e  ch em ic a l  n a t u r e  o f  th e  
wastewater sludge. I t  was observed t h a t  a component of  raw sludge protected  
pol i ov i rus from i n a c t i  v a t  ion w i th  h e a t  a t  both 43 and 51 °C (Ward ^  a I . .
1976).  Anaerob ic  d ig e s t e d  s ludge  c o n ta in e d  s i m i l a r  q u a n t i t i e s  o f  t h e  
chem ical  substance ,  but  i t s  e f f e c t s  in p r o t e c t i n g  v i r u s  a g a i n s t  h e a t  were  
counteracted by the presence of a second substance when tes ted  a t  51°C (Fig  
1 .'10). The p ro te c t ive  substance was t e n t a t i v e l y  a s s o c i a t e d  w i t h  t h e  s o l i d s  
f r a c t i o n  and was i d e n t i f i e d  as an i n d u s t r i a l  d e t e r g e n t  (Ward and Ashley  
1978a). In support of t h i s  SDS and other ionic  detergents were a lso  found t o  
have t h e  same p r o t e c t i v e  e f f e c t  when t e s t e d  a g a i n s t  e n t e r o v i r u s  in raw 
sludge. Ammonia, had already been id e n t i f i e d  as an agent which acce lera ted  
e n t e r o v i r u s  i n a c t i v a t i o n  in a n a e ro b ic  s ludge  (Ward and Ashley 1977a). The 
ammonia and detergents present in digested sludge were th e r e fo r e  competing 
with  one another and w h i l s t  ammonia accelerated the  r a t e  of  heat i n a c t i v a t io n  
fo r  en te rov i rus ,  detergents retarded t h i s  ra te .  Enteroviruses were protected  
by d e t e r g e n t s  a t  n e u t r a l  and a lk a l  i ne pH's but were  v i r i c i d a l  a t  pH v a lu e s  
below 5 (Ward and Ashley, 1979a).
- 59 -
FIGURE I . IQ  Effect of sludge on the rate of inactivation of poliovirus
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The detergents which made enterovI  ruses s i g n i f i c a n t l y  more r e s i s t a n t  to  
heat were shown to  have the opposite e f f e c t s  on reovirus  and r o ta v i r u s  (Ward 
and Ashley, 1978a; 1980a,b), S l ig h t  d i f fe rence s  in the behaviour of v i ru s  to  
detergents were observed between reovirus  and ro ta v i ru s  but e s s e n t i a l l y  v i ru s  
i n a c t i v a t i o n  increased  w i t h  a l k a l i  ne pH v a lu e s .  The a u th o rs  c onc luded  by 
suggesting t h a t  moderate heat t rea tm ent  in s l i g h t l y  a lk a l in e  cond i t ions  may 
be ideal  f o r  e l i m i n a t i n g  e n t e r o v i r u s ,  reo v i ru s  and r o ta v i ru s  from sludges.  
I t  is important to  note t h a t  such condi t ions  may be achieved by th e rm o p h i l ic  
anaerob ic  digest ion.
b) .Cc>mpQ5li.ng
Composting is e s s e n t ia l l y  an aerobic and th e rm oph i l ic  (55-70^0) process.  
Factors in f luencing v i rus  i n a c t i v a t i o n ,  d u r in g  com post ing ,  i n c lu d e  pH, t h e  
chemical composition and moisture content of  the sample and temperature .  The 
l a t t e r  p ro b a b ly  be ing th e  s i n g l e  m o s t  i m p o r t a n t  f a c t o r  i n f l u e n c i n g  
i n a c t i v a t i o n  in an enclosed h i g h l y  mechanised com poster ,  w i t h  a u n i f o r m  
temperature  of  50°C. With t h i s  method i t  was observed t h a t  p o l io v i r u s  1 was 
i n a c t i v a t e d  in as I i t t l e  as 30 mins (Shel I and Boyd, 1969) .  K r i g e  (1964 )  
composted p o l io v i ru s  1 with grass fo r  7 days a t  38 to  58°C, a f t e r  which t im e  
no v i ru s  was detected.
The w i ndrow method is I ess r e l  i ab I e and t e m p e r a t u r e s  up t o  70°C  w i l l  
o n ly  be reached in t h e  m id d le  of  th e  compost mass. Kawata q ±  a i . ,  ( 19 77 )  
re p o r t e d  t h a t  b a c t e r io p h a g e  f 2 ,  i n o c u la t e d  i n t o  raw s lu d g e ,  to o k  up t o  50  
days to  be inact iva ted  by the windrow method and even longer when digested  
sludge was composted. They also observed t h a t  indigenous v i ru s  was detected  
th ro u g h o u t  t h e  w i ndrow phase of  compost i  ng, bu t  f o l I o w  i ng s to c k  pi  I i  ng i t  
couId no Ionger be detected.
Ward and Ashley  (1978b) dem onst ra ted  t h a t  d e t e r g e n t s  w ere  degraded  
during composting and as a r e s u l t  accelerated the heat i n a c t i v a t io n  r a t e  of  
e n t e r o v i r u s e s .  S ince d e t e r g e n t s  have t h e  r e v e r s e  e f f e c t  on r e o v i r u s  
i n a c t i v a t i o n ,  t h e  removal o f  d e t e r g e n t s  may promote t h e  s u r v i v a l  o f  th e s e  
viruses during t h i s  process.
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c) Chemical treatment
Chemicals may be used to  condi t ion sludges before dewatering,  but t h e i r  
e f f e c t  on v i r u s  s u r v i v a l  has been l i t t l e  s tu d ie d .  The m a j o r i t y  o f  pure  
chemical sludges are derived from t e r t i a r y  wastewater treatm ents,  and again 
l i t t l e  i n f o r m a t  ion is  a v a i l a b l e .  However,  i t  has been found t h a t  s e v e ra  I 
cycles of  freeze-thawing of f e r r i c  hydroxide sludges considerably reduce the  
v i ru s  r i s k  associated wi th t h is  f lo e  (Block s i  M . ,  1978).
Lime a t  pH 11 or above can be used to  s t a b i l i z e  wastewater sludges, but  
no i n f o r m a t i o n  is  a v a i l a b l e  as t o  i t s  e f f e c t s  on v i r u s  i n a c t i v a t i o n  in  
sludge. The p red ic t ion  t h a t  v i rus  in a c t iv a t io n  would be rapid ,  stems from 
the letha l  pH values reached and t h e i r  e f f e c t  on re leas ing  v i r i c i d a l  ammonia.
S tu d ie s  have been per form ed on t h e  e f f e c t  of  l im e  on v i r u s e s  in p ig  
s l u r r y  ( D e r b y s h i r e  and Brown, 1979) and raw sewage ( S a t t a r  and Westwood  
1978). A f t e r  t rea tment  of pig s lu r ry  with l ime a t  pH 11.5 conta in ing porcine  
ente rov i rus  and adenovirus and bovine ente rov i rus ,  no in fe c t io u s  v i ru s  was 
detected a f t e r  24h. Treatment of  raw sewage a t  pH 10.5, resu l ted  in a 97.8# 
reduct ion of  detectable  p o l io v i ru s  in the l ime-s ludge and storage up t o  48h 
a t  28°C d id  no t  s i g n i f i c a n t l y  in c re a s e  t h i s  v a lu e  f u r t h e r .  M oreo ver ,  
indigenous v i ru s  was detected in a l l  samples of  l ime sludge tested.
d) Pas te ur iza t ion
I t  is we I I known t h a t  t h e  m a j o r i t y  o f  v i r u s e s  a r e  i n a c t i v a t e d  a t  70°C  
f o r  30 min.  F o l i gu e t  and Doncoeur  (1972 )  p a s t e u r ized f r e s h  s iudge  ( raw  + 
act iva ted  sludge) by heating to  a temperature of 80°C and main ta in ing  t h i s  
f o r  10 m in .  P o l i o v i r u s  1 and C o x s a c k i e v i r u s  B3 w e r e  i n a c t i v a t e d ,  
i r r e s p e c t i v e  of  whether  t h e  medium was b u f f e r  o r  f r e s h  s lu d g e ( T a b l e  1 .13) .  
I n a c t i v a t i o n  o f  v i r u s e s  in d ig e s t e d  s ludge  by p a s t e u r i z a t i o n  was much 
a c c e l e r a t e d  and t h i s  can now be e x p la in e d  by an in c re a s e  in v i r i c i d a l  
ammonia.
Although very  e f f i c i e n t  in e l i m i n a t i n g  pathogens,  t h e  c o s t  o f  t h e  
process has meant t h a t  p a s teur iza t ion  has had l i t t l e  f i e l d  a p p l ic a t io n .
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Tab le 1 J 3  I h e  M  paste u r i z at i on
Med i um Temperature range of v i rus  in a c t iv a t io n  (°C)
T r is  buf fer 66-72
Fresh sludge 68-71
Digested sludge 58-59
(Adapted from F o i iguet and Doncoeur, 1972)
e) ionizing ra d ia t io n  treatment
B a c t e r i a  a re  h i g h l y  s u s c e p t i b l e  t o  i o n i z in g  r a d ia t io n  and I t s  e f f e c t s  
are  d i r e c t e d  to w a rd s  th e  n u c l e i c  a c id .  V i ru s e s  r e p r e s e n t  a much s m a l l e r  
t a r g e t  s i z e  and a r e  ge nera l  I y more r e s i s t a n t  t o  r a d i a t i o n  e f f e c t s .  I t  has 
been suggested t h a t  a dose of  300 Krad is the equ iva lent  of  th erm ic  t re a tm en t
a t  70°C fo r  30 min (Lessel and Suess, 1978).
P o l io v i ru s  1 was ina c t iv a ted  wi th a value of  192 Krad (the  amount
of r a d ia t io n  to  give 90^ in a c t iv a t io n )  when suspended in PBS (Ward 1977). In  
the presence of 0.78^ or more, raw sludge s o l ids ,  the  v i ru s  was protected and 
about 355 Krads were required to  achieve the  same level  of  in a c t i v a t io n .  The 
c o m b in a t io n  of  h e a t  t r e a t m e n t  (47°C) and i o n i z i n g  r a d i a t i o n  was found t o  
g r e a t l y  improve th e  r a t e  of  i n a c t i v a t i o n  o f  p o l i o v i r u s  1. S inskey  (1977 )  
found t h a t  a dose o f  400 Krad was s u f f i c i e n t  f o r  t h e  i n a c t i v a t i o n  o f  f i v e  
d i f f e r e n t  enteroviruses  from sludge.
^ - r a d i a t i o n ,  from a c o b a l t  60 source ,  has been used in a pi l o t  s c a l e
p lant  to  d i s in f e c t  sludge (Lessel and Suess, 1978). At 300 Krad, p o l io v i r u s
was in act iva ted ,  although a f t e r  ra d ia t io n  t re a tm en t  a few sludge samples were 
s t i l l  found t o  c o n t a in  ind igenous v i r u s .  No s i g n i f i c a n t  changes in t h e  
chemical composit ion of  sludge before and a f t e r  t re a tm ent  were observed and 
i t  was noted t h a t  i r r a d i a t e d  s ludge  had improved s e t t l i n g  and d e w a t e r i n g  
proper t ies .
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f ) Dewateri ng of  sludges
Dewatering of sludge may be achieved by f i l t e r  pressing,  c e n t r i f u g a t io n ,  
or by n a t u r a l  e v a p o r a t io n  in d ry in g  beds ( l a g o o n in g ) .  No i n f o r m a t i o n  is  
a v a i la b le  concerning the e f f e c t  of f i l t e r  pressing or c e n t r i f u g a t io n  on v irus  
l e v e l s ,  a l though  i t  would be expected  t o  be min im al  as t h e  m a j o r i t y  of  th e  
viruses are so l id  associated.
Dewatering by evaporation has been investigated exper im enta l ly  and shown 
t o  cause i r r e v e r s i b l e  in a c t iv a t io n  of p o l io v i ru s  seeded in to  raw sludge (Ward 
and A sh ley ,  1977b; Nath and Johnson, 1980).  Ward and Ashley  dem onst ra ted  
t h a t  a t  21°C, po l io v i ru s  1 was in a c t iv a ted  a t  a steady r a t e  wi th  an increase  
in t h e  e v a p o r a t io n  of  w a t e r  from t h e  sample.  At 6 5 -83p  sol  ids an a p p a re n t  
break-po in t  was reached and l i t t l e  a d d i t iona l  loss of  v i rus  was observed wi th  
a s o l i d s  in c re a s e  from 83 t o  91 p. R e ov irus  3 and C o x s a c k ie v i r u s  B1 were  
found to  behave s i m i l a r l y  to  p o l io v i ru s  1. Likewise,  Nath and Johnson (1980) 
e va pora ted  raw s ludge samples seeded w i t h  p o l i o v i r u s  2  t o  dryness  a t  
t e m p e r a t u r e s  o f  22 .5^0  and 37°C.  At t h e  lower  t e m p e r a t u r e  and a t  a sol  ids  
c o n t e n t  of  5 5^ ,  less than 99^ o f  v i r u s  was i n a c t i v a t e d  in 23.5 h. Above 55^ 
s o l i d s  c o n t e n t  th e  r a t e  of  i n a c t i v a t i o n  was g r e a t l y  a c c e l e r a t e d  and a t  
dryness (27 h) ,  no v i r u s  i n f e c t i v i t y  was d e t e c t e d .  S i m i l a r  r e s u l t s  were  
o b ta in e d  a t  37°G,  a l though th e  t i m e  r e q u i r e d  t o  reach t h e  55% b r e a k - p o i n t  
s o l i d s  c o n t e n t  was much reduced.  T h is  i n d i c a t e d  t h a t  t h e  b r e a k - p o i n t  was 
independent of temperature.  I t  was suggested t h a t  a v i r i c i d a l  component in 
raw sludge was concentrated to  a c r i t i c a l  po in t  and was responsib le  fo r  the  
second rapid v i rus  in a c t iv a t io n  ra te .
Ward and Ashley (1978b) d e m o n s t ra ted ,  by using predetermined moisture  
leve ls  of raw sludge and heating t o  51°C, t h a t  detergents were concentrated  
d u r in g  e v a p o r a t i o n ,  and as a r e s u l t  p r o t e c t e d  p o l i o v i r u s  1 f rom h e a t  
in a c t iv a t io n .  Since detergents a c c e le ra te  reovirus  in a c t i v a t io n  w i th  heat,  
d e w ate r  i ng by e v a p o r a t i  on a t 5 l ° C  should  have led t o  a s u b s t a n t i a l  loss  of  
t h i s  v i r u s  du r in g  t r e a t m e n t .  T h is  was no t  found t o  be so, and a second 
unknown agent was found to  act  s y n e r g i s t i c a l l y  wi th detergents  to  counteract  
t h e i r  e f fe c ts .  The re ta rd a t io n  of reovirus  in a c t iv a t io n  was only predominant  
in raw sludge through a concentrat ion e f f e c t  by evaporation.
Laboratory examples of dewatering by evaporation i l l u s t r a t e  the complex 
in te rac t io n s  which must occur during t rea tm ent  between v iruses and chemical
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components o f  s ludge.  A i r - d r y i n g  by lagooning of s lu dges ,  o f t e n  f o r  up t o  
one y e a r ,  is  a s im p le  and common secondary t r e a t m e n t  of  s ludge ,  in which  
indigenous viruses have been shown to  survive.  A lagooned sludge, about to  
undergo land d i s p o s a l ,  has been shown t o  c o n t a i n  1.2 pfu per gram of so I ids  
(Turk e± ^ 1 . ,  1980) and a caked s ludge which had been exposed t o  t h e  ho t  
F lor ida  sun fo r  13 days contained 24 pfu per 250g of sludge (Wei l ings  a l . ,
1976). S a t ta r  and Westwood (1979) detected v i rus  in lagooned dr ied sludges,  
even a f t e r  8  months of re te n t io n .  Digested sludge samples of  which 53^ were 
p o s i t iv e  fo r  v i rus ,  were reduced to  39^ p o s i t iv e  iso la t io n s  a f t e r  lagooning 
fo r  6  months. I t  must however be noted t h a t  f reez ing  temperatures p reva i led  
d u r in g  p a r t  of  t h e  study and may have enhanced v i r u s  s u r v i v a l .  F a r ra h  ^  
a I .p (1981b)  found t h a t  s ludge  e n t e r i n g  a lagoon c o n ta in e d  r e l a t i v e l y  high  
numbers of  v i rus  (75 T C ID ^ q  and these numbers remained high fo r  up t o  3
months a f t e r  s ludge  a d d i t i o n .  However,  v i r u s  numbers d e c l i n e d  t o  non-  
detectab le  over the next 6  months and t h i s  was a t t r ib u t e d  to  in a c t i v a t io n  of  
v irus .  Hurst ^  (1978) found no detectab le  v i rus  in a sample of  sludge
which had been d ry in g  o u t  in pi les  f o r  3 months.  The average  t e m p e r a t u r e  
during the study was 27°C and a 99^ reduction of  v i rus  was observed fo r  each 
week o f  d r y in g .  A graph showing pe rc e n ta g e  m o is t u r e  loss p l o t t e d  a g a i n s t  
v i ru s  in a c t iv a t io n ,  supported the experimental  studies in showing t h a t  v i r u s  
i n a c t i v a t i o n  was d i r e c t l y  r e l a t e d  t o  a loss o f  m o is t u r e .  Ward (1981)  has 
stated t h a t  drying by evaporation fo l lowed by long term storage,  may be one 
of the most e f f i c i e n t  and economical methods of d is in f e c t in g  sludge.
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IV. METHODS IQ  ISOLATE VIRUS £EQM WASTEWATER SLUDGE
Many of  t h e  e a r l y  methods deve loped f o r  th e  i s o l a t i o n  o f  v i r u s e s  from  
r e l a t i v e l y  clean waters were subsequently found to  be unsui table  fo r  those  
samples conta in ing a high proport ion of suspended so l ids  such as raw sewage. 
The presence of suspended m a t t e r  was found t o  i n t e r f e r e  w i t h  sample  
p ro c es s in g ,  making i t  necessary  t o  remove th e s e  s o l i d s  b e f o r e  t r e a t m e n t .  
Since i t  is now known t h a t  the m a jo r i ty  of viruses in wastewater systems are  
s o l i d  a s s o c ia t e d  and t h a t  such v i r u s e s  r e t a i n  t h e i r  i n f e c t i v i t y  in t h e i r  
bound s ta te  (Lund, 1971; Wei l ings M  1976; Ward and Ashley, 1979b), the
removal of  s o l i d s  from samples is  h i g h l y  u n d e s i r a b l e  and te c h n iq u e s  
su b seq u e n t ly  deve loped f o r  ' d i r t i e r  samples'  were designed t o  i n c lu d e  
t rea tm ent  of sol ids .  Using a d i f f e r e n t  approach Buras (1974) found t h a t  many 
indigenous v i rus  in both the so l id  and l iq u id  phases of  raw sewage could be 
detected by d i r e c t  inocula t ion of the samples onto c e l l s .  Although simple t o  
p e r fo r m ,  t h e  te c h n iq u e  is  r e s t r i c t i v e  in t h a t  i t  is  on I y e f  f e e t  i ve w i t h  
samples conta  in in g  high t  i t r e s  o f  v i r u s  and a I ow c o n t e n t  o f  s o l i d s .  More 
r e c e n t  I y N e i l  son and Lydholm ( I960) found t h a t  samp I es w i t h  a high s o l i d s  
content were of ten cy to tox ic  and c le a r l y  unsui table  fo r  the  d i r e c t  i s o la t io n  
of viruses from wastewater sludges. Thus in recent years the  methodology fo r  
r e c o v e r in g  v i r u s  from w a s t e w a t e r  s ludge  has been d i r e c t e d  a t  s o l v i n g  t h e  
fo l lo w in g  problems; namely how t o : -
a) e lu t e  both surface adsorbed and so l ids  embedded v i ru s  from so l id s
b) concentrate v i ru s  s a t i s f a c t o r i l y  p r io r  t o  assay
c) prevent c y t o t o x ic i t y  of sample concentrates
d) e l im ina te  bacter ia l  and fungal contaminates from concentra tes
F i n a l l y ,  i t  is  e s s e n t i a l  t h a t  t h e  p rocedu re  adopted t o  i s o l a t e  v i r u s  
from sludge should be simple,  rap id ,  s e n s i t iv e ,  reproduceabIe and economic.
A. E lut ion
The e f f i c i e n c y  of  any e l u t i o n  method t o  remove v i r u s  from sol  ids is  
u s u a l l y  t e s t e d  by a r t i f i c i a l l y  seeding s lu dge  w i t h  v i r u s  and u s u a l l y  w i t h  
p o l io v i ru s  1. Some invest iga tors  have questioned the  v a l i d i t y  of  experiments  
based on a r t i f i c i a l l y  seeded substrates  in determining the  f a t e  of  indigenous 
viruses in sludge (Lund, 1971; S a t ta r  and Westwood, 1976) They argue t h a t : -
—66—
a) t h e  i n t e g r a l  a s s o c i a t i o n  o f  n a t u r a l l y  bound v i r u s  is uni i k e l y  t o  be 
irnmifated by a r t i f i c i a l l y  applied v irus
b) p o l io v i ru s  I is not repres enta t ive  of a l l  e n te r ic  viruses
c) eluents may be l im ited  in the range of viruses they can recover
In support of th is  view, S a t ta r  and Westwood (1976) reported t h a t  they 
could r e c o v e r  o n ly  0.4# of  t h e i r  o r i g i n a l  p o l i o v i r u s  inoculum from raw  
sludge, i r re s p e c t iv e  of the many eluents  tested.  On the  other hand, Pancorbo 
^  ^ . ,  (1981) have stated t h a t  whereas research performed with  virus-seeded  
sludge may not completely s imulate  natural  condit ions,  valuable  in fo rmation  
can nevertheless be obtained in less t im e  and a t  lower cost than when working 
w i t h  ind igenous v i r u s .  Because of  t h i s  l a t t e r  c o n s i d e r a t i o n  seeding  
experiments have dominated the research in to  s e lec t ing  an e f f i c i e n t  e lu t io n  
system.
Some of the physiochemical proper t ies  of viruses have been e xp lo i te d  in 
e lu t io n  studies.  An important fea tu re  of  v iruses is t h a t  they are  amphoteric  
molecules possessing a net negative charge a t  a lk a l in e  condit ions and a net  
p o s i t iv e  charge in ac id ic  cond i t ions.  The m a j o r i t y  o f  n a t u r a l l y  o c c u r r i n g  
so l ids  e x h i b i t  a net negative charge under most environmental  condi t ions  and 
because of t h i s  ac id ic  condi t ions enhance the adsorption of  v i ru s  t o  so l ids  
whereas a l k a l i n e  c o n d i t i o n s  enhance v i r u s  e l u t i o n .  The a d d i t i o n  o f  a 
proteinaceous substance may also aid e lu t io n  of  v i rus  from so l ids  by d i r e c t l y  
compet ing f o r  v i r u s  b in d in g  s i t e s  p r e s e n t  on t h e  sol ids .  Thus t r e a t m e n t s  
investigated have included various combinations of the f o l lo w in g : -
a) a p p l ic a t io n  of  mechanical a g i ta t io n
b) add i t ion  of sur factants  to  aid e lu t io n
c) d i l u t i o n  in high pH buffers
d) add i t ion  of proteinaceous substances (organic  e luents)
e) reduction of  the ionic concentrat ion
a) agitat i on
Many methods of  mechanical  a g i t a t i o n ,  in c o n j u n c t io n  w i t h  an e l u e n t ,  
have been i n v e s t i g a t e d  and th e s e  in c lu d e ,  s o n i c a t i o n  (GI ass &± a l . ,  1978),  
shaking on a w r i s t  act ion shaker (S a t ta r  and Westwood, 1976), homogenizat ion
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în a b le n d e r  (Subrahmanyan, 1977; Moore ^  M . ,  1978; Turk M M . #  1980) and
m a gnet ic  s t i r r i n g  ( H u r s t  M  M . #  1978).  However,  i t  appears  t h a t  l i t t l e
d i f fe re n c e  may e x is t  between such treatments  (Wei l ings M  M-#  1976) and the
method adopted is usual ly  d ic ta ted  so le ly  by indiv idua l  preferences.
b) Surfactants
The eluents found by various inves t iga tors  to  give the h ighest  recovery  
of seeded v i r u s  from s o l i d s  a re  l i s t e d  in T a b le  1.14 and o f  t h e s e  sodium  
dodecyl sulphate (a su r factan t )  has been found t o  be a very e f f i c i e n t  e lu e n t  
(Ward and Ashley, 1976; Nath and Johnson, 1980). In s p i t e  of  t h i s  i t s  use as 
an e l u e n t  is d is ad v an ta g ed  by th e  f a c t  t h a t  i t  i n a c t i v a t e s  a d e n o v i r u s ,  
r e o v i r u s  and r o t a v i r u s  (Ward and A sh ley ,  1980b) and does n o t  lend i t s e l f  
e a s i l y  t o  the  concentrat ion of  v i rus  in e luents  w ithout  concentrates becoming 
c y t o t o x i c .  To overcome t h i s ,  Nath and Johnson ( I 9 6 0 )  abandoned sodium  
dodecyl  s u lp h a t e  as an e l u e n t  f o r  t h e  re c o v e ry  of  ind igenous  v i r u s  from  
s ludge  and in s tea d  a p p l i e d  a complex e l u t i o n  p rocedu re  which in v o lv e d  a 
combination of  t r i s  b u f fe r ,  NaCI, glycerol  and foeta l  c a l f  serum, wi th  g r e a t  
success.
c) H igh Ml  buf fers
High pH buf fers  and organic eluents  are probably the  most e f f i c i e n t  and 
most rese arch ed  of  a I I t h e  e l u t i o n  systems. G ly c in e  b u f f e r  a t  pH I 1.5 was 
i n i t i a l l y  investigated by W a l l is  and Mel nick (1967a) fo r  the  removal of  v i ru s  
adsorbed t o  membrane f i l t e r s  and was su b s e q u e n t ly  found t o  be h i g h l y  
e f f i c i e n t  (84# e f f i c i e n t )  f o r  t h e  removal of  p o l i o v i r u s  I from a c t i v a t e d  
sludge  f l o e s  ( H u r s t  M  M . #  1978).  In t h i s  l a t t e r  r e p o r t  lo n g e r  a g i t a t i o n  
t imes were shown to  r e s u l t  in reduced v i rus  t i t r e s ,  suggesting t h a t  prolonged  
periods a t  high pH values may in a c t iv a te  some of the v i rus .  In f a c t  the  high 
pH of g lyc ine  b u f fe r  has deterred many inves t iga to rs  from using i t  because of  
th e  p o s s i b l e  danger o f  r e l e a s i n g  v i r i c i d a l  ammonia f rom t h e  s lu d g e  a t  
e le v a t e d  pH v a lu e s  (Ward and A s h ley ,  1977a) and a l s o  t h e  f a c t  t h a t  
ad e n o v i ru s ,  r e o v i r u s  and r o t a v i r u s  a re  more a f f e c t e d  by high pH th a n  o t h e r  
e n t e r i c  v i r u s e s .  N e v e r t h e l e s s ,  Gerba M  M . #  (1978a)  p r e f e r r e d  t h e  use of  
g l y c i n e  b u f f e r  t o  o r g a n ic  e lu e n t s  a t  moderate  pH v a l u e s ,  on t h e  b a s is  o f  
t h e i r  proven success in t h e  re c o v e ry  o f  c o l ip h a g e  from e f f l u e n t  s o l i d s .  
Pancorbo M  M . #  (1981)  a ls o  dem onstra ted  by using g l y c i n e  b u f f e r  t h a t  t h e  
recovery of v i rus  from sol ids  was s i g n i f i c a n t l y  influenced by the  nature  of
TABLE l . l lU
Reference
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The efficiency of a variety of eluents in removing inoculated virus from solids
Sol id 
type Virus Eluent and Method % Recovery
Nath & Johnson 1980 Raw
Sludge
Polio 1 
Cox B2 
Polio 1 
Cox B2
0.2% SDS
5% FCS
77.1
95.6 
44.8
38.6
Hurst et a l . ,  1978 Activated
sludge
Polio 1 0.05 M glycine pH 11.0 
3% B.E. pH 9.5
84.0
66.0
Pancorbo et a l . ,  1981 Act. sludge 
Ana. digested 
Aero, digested
Polio 1 0.05 M glycine pH 11.0 72.3
60.2
24.5
Gerba et a l . ,  1978<^ Effluent
solids
coliphage 0.05 M glycine pH 11.5 
3% tryptose phosphate broth
75.0
67.0
Moore et a l . ,  1974 Activated
sludge
Polio 1 borate saline pH 9 
deionized water 
tryptose phosphate broth
32.0
34.0
55.0
Glass et a l . ,  1978 Digested
sludge
Polio 1 3% B.E. + sonication 
" pH 9 
pH 10
47.0
30.0
34.0
Berg & Dahling 1980 River
sediments
Polio 1 10% B.E. (Mcllvain buffer) 
pH 7.1
51.8
Subrahmanyan 1977 Digested
sludge
Polio 1 2% FCS (EBSS)
pH 9.5
32.0
Farrah et a l . ,  1981 Activated
sludge
Polio 1 3% B.E. pH 9 
4MiUrea- 1% lysine pH 9
75.0
70.0
Bitton et a l . ,  1979a Sandy
soil
Polio 1 0.5% caesin pH 9 
3% B.E. pH 9 
10% FCS-PBS pH 9 
tryptose phosphate broth
118.0
57.1
44.6
34.0
pH 7.0
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t h e  s o l i d .  For in s ta n c e ,  79.5# o f  v i r u s  was e lu t e d  from s ludge d ig e s t e d  
a n a e r o b ic a l  ly whereas o n ly  14.2# was re c o v e re d  from s ludge  which had been 
d igested  a ero b ic a l ly .
d) Organic eluents
The advantage of  us ing p r o te in a c e o u s  substances t o  e l u t e  v i r u s  from  
sludge s o l i d s  is  t h e i r  e f f i c i e n c y  in e l u t i n g  v i r u s e s  a t  n e u t r a l  or  a t  
s l i g h t l y  a lk a l in e  pH values.  Using 3# beef e x t r a c t  a t  ambient pH, Glass M  
M .#  (1978) recovered up to  47# of p o l io v i ru s  1 from anaerob ica l ly  digested  
sludge, being a b e t te r  performance than e lu t io n  a t  e i t h e r  pH 9 or 10. A 10# 
s o l u t i o n  of  beef e x t r a c t  in Mcl I v a in e s  b u f f e r  has a ls o  been shown t o  be 
success fu l  in removing 50# o f  th e  o r i g i n a l  inoculum of  p o l i o v i r u s  I from  
r i v e r  so l ids  (Berg and Dahling,  1980). Furthermore,  beef e x t r a c t  so lu t ions  
have been p r e f e r r e d  by many i n v e s t i g a t o r s  when i s o l a t i n g  in d igeno us  v i r u s  
from wastewater sludges (S a t ta r  and Westwood, 1976; Wei l ings M M . #  1976).
Another organic e luent ,  foeta l  c a l f  serum has been w idely  used t o  e lu t e  
v i ru s  from membrane f i l t e r s  (Konowalchuk and Speirs,  1971) and more re c e n t ly  
from digested sludge sol ids  (Subrahmanyan, 1977). Subrahmanyan (1977) found 
a 10# so lu t ion  of  foe ta l  c a l f  serum a t  pH 9.5 to  be the best e lu e n t  he te s ted  
but  a ls o  noted t h a t  w i t h  t h i s  e l u e n t  t h e  pH was c r i t i c a l  t o  t h e  el  u t i  on o f  
v i r u s ,  as pH v a lu e s  both above and be low 9.5 d r a s t i c a l l y  reduced v i r u s  
recover ies .
To inves t iga te  the chemistry of e lu t io n  wi th  organic e lu ents ,  Farrah and 
B i t t o n  (1978 ;  1979; 1981a) s u b s t i t u t e d  beef  e x t r a c t  w i t h  a range  o f  low 
m o le c u la r  w e ig h t  p ro te in a c e o u s  substances .  Although i n i t i a l  s tud ies  were  
concentrated on the e lu t io n  of p o l io v i ru s  I from d i f f e r e n t  membrane f i l t e r s ,  
l a t e r  s t u d i e s  were extended t o  t h e  e l u t i o n  o f  v i r u s  from a c t i v a t e d  s lu d g e  
f loes .  Not s u rp r is in g ly  they noted t h a t  v i ru s  was more d i f f i c u l t  t o  remove 
from act iva ted  sludge so l ids  than from membrane f i l t e r s  (Farrah M M . #  1979)^ 
In add i t  io n , th e y  found t h a t  the  a b i l i t y  t o  e l u t e  v i r u s  from s u b s t r a t e s  was 
re la te d  t o  both the chemical nature of the  e lu ent  and adsorbent t o  which the  
v i r u s  was bound. The e f f e c t  iveness of  s i n g l e  amino a c id s  is  i n f  I uenced by 
amino groups, which favour the re lease of  v i rus  as opposed to  carboxyl  groups 
which d is co u ra g e  t h e  r e l e a s e  o f  v i r u s .  The a u th o rs  th us  conc luded  t h a t  
neutral  organics or basic amino acids were good e luents  whereas a c id ic  amino 
acids or organic acids were poor. This conclusion was ge n era l ly  supported by
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Rarnîa and S a t ta r  (1980) who a d d i t io n a l l y  claimed t h a t  fo r  simian ro ta v i r u s  
adsorbed to  t a l c - c e l i t e  layers, the complex organic substances, beef e x t r a c t  
or t ryptose phosphate broth were superior to  other s impler  e luents  tested.
In analogous studies to  the former, B i t to n  M M . #  (1979a) assessed the  
e f f i c ie n c y  of eluents fo r  the re lease of po l io v i ru s  I from f i v e  sandy s o i ls .  
Both i soel  e c t r i c  caes i  n and skim m i l k  a t  pH 9 were found t o  r e c o v e r  a l l  o f  
t h e  in o c u la t e d  v i r u s  whereas beef  e x t r a c t  and f o e t a l  c a l f  serum r e c o v e red  
o n ly  h a l f .  F a r ra h  M  M.# (1981b)  a ls o  deve loped th e  use o f  an urea  and 
glyc ine  buffered e lu en t  to  achieve maximum re lease of indigenous v i ru s  from 
wastewater sludges.
e) Reducing ionic strength
In a comparative study, Moore M  M.# (1974) e lu ted v i ru s  from ac t iv a te d  
sludge s o l i d s  w i t h  d i s t i l l e d  w a t e r ,  f o e t a l  c a l f  serum, b o r a t e  b u f f e r  and 
t ryptose  phosphate broth.  Although t ryptose broth recovered the  most v i ru s  
(55#), they found t h a t  upon concentrat ing the e lu ted v i ru s  the best ov era l l  
recovery resul ted from using d i s t i l l e d  water on i t s  own. Indeed, the  s imple  
procedure  of  e l u t i n g  v i r u s  by lo w e r in g  th e  i o n i c  s t r e n g t h  o f  t h e  sample  by 
d i l u t i n g  in d i s t i l l e d  water,  was preferred by Turk M M . #  (1980) because of  
i t s  e f f i c i e n c y  w i t h  d i f f e r e n t  s ludge types  and t h e  ease w i t h  which v i r u s  
could then be concentrated.
B. Concentrat ion methods
To date,  most of the concentrat ion methods are based on f i l t r a t i o n  and 
have been developed f o r  d e t e c t i n g  v i r u s  from la r g e  volumes o f  r e l a t i v e l y  
clean waters.  F i l t r a t i o n  is p a r t i c u l a r l y  unsui tab le  f o r  concentra t ing  v i r u s  
from wastewater samples as f i l t e r s  become quick ly  clogged w i th  so l id s .  The 
methodology developed to  i s o la te  v irus  from sewage sludge is very d i f f e r e n t  
and requires  the concentrat ion of r e l a t i v e l y  small volumes of sewage sludge 
eluents.  In add i t ion  the  concentrat ion of  e luents  may not be necessary when 
th e  l e v e l s  o f  v i r u s  in such samples as raw s ludge co n ta  i n I a rg e  amounts of  
v irus  (S a t ta r  and Westwood, 1976; Subrahmanyan, 1977).
For a l l  methods o f  c o n c e n t r a t i o n ,  advantage  is  ta k en  o f  t h e  p e c u l i a r  
physiochemical proper t ies  of  the v i r io n .  The outer coat of e n t e r ic  v i ruses  
is composed of p r o t e i n  and because of t h i s  v i r i o n s  behave as a m p h o t e r i c
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molecules,  and are hydroph i l ic  c o l lo id s  in aqueous so lu t ion  possessing a net  
charge which is a function of the pH, ionic  strength and ionic  composition.  
They a re  im m is c ab le  in o r g a n ic  s o l v e n t s ,  w i l l  adsorb t o  m a t e r i a l s  by 
e le c t r o s t a t i c ,  h-bonding and van de Waal's forces and can be sedimented under 
a c e n t r i f u g a l  fo r c e .  Methods e x p l o i t i n g  th e se  ph ys io ch em ica l  p r o p e r t i e s  
i nc lude: -
a) the gauze pad method
b) hydroextract ion
c) two-phase separation
d) u l t r a c e n t r i f u g a t io n  and u l t r a f i l t r a t i o n
e) membrane f i l t e r  a d sorp t ion -e lu t io n
f )  adsorption to  inorganic and organic m a te r ia ls
The m er i ts  of each technique in concentrat ing v i rus  from sludge e luents  
are represented in Table 1.15 and the d i f f e r e n t  methods and t h e i r  a b i l i t y  to  
concentrate v irus  from small volumes of e luent  are as f o l l o w s : -
a) Gauze method ( swab method)
The gauze pad method is a simple q u a n t i t a t i v e  method being only s u i t a b le  
fo r  concentrat ing v i rus  from large volumes of wastewater samples. Sani tary  
towels ,  comprised of cotton,  gauze or foam p l a s t i c ,  are immersed in a f low of  
wastewater fo r  24 h, although immersions of 3 days or more have occas ional ly  
been used ( S e l l  wood M  M . #  1981).  The pad c o n c e n t r a t e s  t h e  v i r u s  by
entrapping v i rus  p a r t i c l e s  w i th in  the f ib r e s  of  the pad, la rge ly  in the  form 
of  s o l i d  a s s o c ia te d  p a r t i c l e s .  The i s o l a t i o n  o f  v i r u s  from sampies  is  
achieved by r ins ing  the pad several  t imes in a simple e lu en t  a t  pH 8  to  pH 9, 
c e n t r i f u g i n g  t h e  pooled e lu e n t s  and then  assaying the  supernatant d i r e c t l y  
fo r  v i rus  i n f e c t i v i t y .
B e fo re  o t h e r  more e f f i c i e n t  methods were  d e v is e d ,  t h e  pad method was 
used widely  to  concentrate indigenous v i ru s  from sewage samples (Mel nick M  
M .#  1954; Mack M  M .#  1958). In at tempts t o  increase i t s  e f f i c i e n c y  and to  
sern i -quant i tate  the method a f low-through pad system has been inves t iga ted  by 
o t h e r s  w i t h  moderate  success (Lui  M M . #  197 1; F a t t a l  M M . #  1974; 1976).  
Despite i t s  apparent in e f f ic ie n c y  the gauze pad method has continued in use 
f o r  c o n c e n t r a t i n g  v i r u s  from raw sewage because of i t s  cheapness and 
s i m p l i c i t y  (Duff ,  1970; S a t ta r  and Westwood, 1977; Sel l  wood M  M .#  1981).
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table 1.15 A Comparison of D ifferent Concentration Methods
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Hydroextraction (a
2-phase separation ,(b
U1tracentri fugati on/ 
U lt ra f i l t ra t io n
Membrane adsorption 
elution
(c
Adsorption to : -  
1) chemical precipitates (c
2) Pe.60 (c
3) bentonite
4) insitu organic floes (c
a) effic iency greatly approved i f  a smaller pore-sized dialysis  
membrane is used
b) inhib its  certain strains of Coxsackie and echoviruses
c) selects for acid résistent virus
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b) Hydroextraction
Viruses may be concentrated In samples by removal of water molecules by 
o s m o t ic  f i l t r a t i o n .  Th is  Is  ach ieved  by p l a c i n g  samples In d i a l y s i s  bags 
surrounded by p o l y e t h y l e n e  g l y c o l ,  a macromol ecul ar  hydroscopic m a t e r i a l .  
Water and o t h e r  smal l  m o lec u les  pass f r e e l y  across  t h e  s e m l - p e r m e a b Ie  
membrane whereas v i r u s  and o t h e r  m acrom olecu les  re m ain  I n s id e  t h e  bag.  
Although a cumbersome method, h y d r o e x t r a c t  I on can be used t o  c o n c e n t r a t e  
v irus  from r e l a t i v e l y  small volumes, without the need to  ad just  the pH.
The method was I n i t i a l l y  adopted by C l i v e r  (1967) t o  concentrate  v i r u s  
from various d i lu en ts  and by Shuval M  M .»  (1967) to  concentrate  them from 
raw sewage samp I es.  CI I v e r  ( 1967) noted a loss of  between 7 0 - 9 0 #  o f  v i r u s  
du r in g  c o n c e n t r a t i o n  and a t t r i b u t e d  t h i s  t o  a d s o r p t io n  o f  t h e  v i r u s  t o  t h e  
d i a ly s is  tubing.  Shuval M M . #  (1967) a lso reported low recover ies  of  v i r u s  
from raw sewage and suggested t h a t  t h i s  was due t o  t h e  c o n c e n t r a t i o n  o f  
v i r i c i d a l  t o x ic  substances during h y d r o e x t r a c t  Ion.  W a l l i n g s  M M . #  (19 76 )  
used t h e  te c h n iq u e  t o  c o n c e n t r a t e  beef e x t r a c t  e l u e n t s  pre pared  from  
wastewater sludge and obtained high recover ies  of  v i ru s  apparent ly  because 
they u t i l i z e d  a membrane with a small pore s iz e  and conducted the  experiments  
a t  4 °C.  More r e c e n t  appi I c a t l o n s  of  h y d r o e x t r a c t  I on t o  c o n c e n t r a t e  v i r u s  
from membrane f i l t e r  e lu e n t s  and s ludge  e l u e n t s ,  have g iv e n  en co u ra g in g  
re s u l ts .  For Instance,  Rami a and S a t ta r  (1979; 1980) were able  t o  recover  an 
o v era l l  59-71# of  added simian ro ta v i ru s  from 100 l i t r e s  of  potable  waters ,  
by a process of adsorption t o  t a l c - c e l l  t e  layers fo l lowed by e lu t io n  and then  
c o n c e n t r a t i o n  by h y d r o e x t r a c t i o n .  They noted t h a t  t h i s  process  was 
p a r t i c u l a r l y  useful fo r  the concentrat ion of simian r o ta v i r u s  from samples 
because the technique did not subject  the v i ru s  to  the  pH extremes commonly 
associated with other concentrat ion techniques.
A n o t h e r  v a r i a t i o n  o f  h y d r o e x t r a c t i o n  I s  t h e  use of  I n s o l u b l e  
hydroph i l ic  polyacrylamide gels ( lyphogel) .  Lyphogel adsorbs water  and o ther  
sm al le r  molecules under 2 0 , 0 0 0  dal tons,  w h i ls t  leaving the  v i ru s  and o ther  
é q u i v a l a n t  m acromolecu les  In suspension.  Moore M  M . #  (19 77 )  found t h a t  
lyphogel could  r e c o v e r  48# of  added p o l i o v i r u s  1 f rom t r y p t o s e  phosphate  
broth e lu e n t s .
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c) Two-phase separation
When two d i f f e r e n t  organic polymers are dissolved In water,  a two-phase  
system w i l l  occur w i th in  which c o l lo id a l  p a r t i c l e s  and macromolecules w i l l  
p a r t i t i o n  ( A l b e r t s s o n ,  1967).  The s e p a r a t i o n  of  v i r u s  I n t o  one phase Is  
contro l led  by the s e lec t ion  of appropr iate  polymers, pH Ion ic  composit ion and 
Ionic  strength of the medium. Concentrat ion of v i rus  may be achieved when 
th e  phase I n t o  which t h e  v i r u s  moves. Is  smal I In r e l a t i o n  t o  t h e  o r i g i n a l  
sample volume. The two most commonly used polymers are dextran sulphate  and 
p o l y e t h y l e n e  g l y c o l .  They a r e  added t o  t h e  t e s t  sample  w i t h  a s a l t  and 
v i r u s e s  a re  c o n c e n t r a te d  In t h e  bot tom polymer phase w i t h i n  a 18 t o  24 h 
period a t  4°C.
Lund and Hedstrom (1966) showed t h a t  the use of one cyc le  of e x t r a c t io n  
would c o n c e n t r a t e  Ind igenous v i r u s  from raw sewage more e f f e c t i v e l y  th an  
would d i r e c t  Inocula t ion  of  samples. Shuval M M . #  (1967) showed t h a t  a two  
s ta g e  e x t r a c t i o n  procedure  was com parab le  t o  h y d r o e x t r a c t i o n  f o r  th e  
concentrat ion of  p o l io v i ru s  I from water when they recovered on average 42# 
of  added v i r u s .  In 1969 t h e  same w orke rs  employed t h e  same t e c h n i q u e  t o  
concentrate v i rus  from sewage and demonstrated t h a t  recover ies  of  over 1 0 0 # 
could sometimes be obtained. Unfortunate ly  In s p i te  of  t h i s  good recovery,  
th ey  found t h a t  t h e i r  r e s u l t s  v a r i e d  w i d e l y  In r e p l i c a t e  t e s t s .  F u r t h e r  
s u c c e s s fu l  a p p l i c a t i o n s  o f  t w o - p h a s e  s e p a r a t i o n  h a v e  I n c l u d e d  t h e  
c o n c e n t r a t i o n  o f  v i r u s  from t e r t i a r y  t r e a t e d  e f f l u e n t s  (Nupen, 1970) and 
membrane f i l t e r  eluents (H IM  M M . #  1972).
Although amenable to  concentrat ing r e l a t i v e l y  small t e s t  volumes, the  
d i r e c t  a p p l ic a t io n  of t h i s  method fo r  the removal of  v i ru s  from sewage, f a l l s  
t o  r e s u l t  In the  re lease of so l id  associated v irus .  Furthermore,  a p p l ic a t io n  
of the technique In concentrat ing proteinaceous e luents may r e s u l t  In ser ious  
I n t e r f e r e n c e  w i t h  phase s e p a r a t i o n .  Another  d is a d v a n ta g e  Is  t h a t  some 
v iruses and In p a r t i c u l a r ,  s t ra in s  of Coxsackievirus and echovlrus,  have been 
r e p o r t e d  t o  be I n h i b i t e d  by d e x t ra n  s u lp h a t e  (G r in d ro d  and O l i v e r ,  1970).  
N e v e r t h e l e s s ,  In a r e c e n t  deve lopment  a two phase s e p a r a t i o n  method us ing  
freon has been shown to  be an e f f i c i e n t  method fo r  removing v i r u s  from raw 
sludge samples (Brashear and Ward, 1982).
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d) U l t r a c e n t r i f u g a t io n ,  u l t r a f i I t r a t i o n
U I t r a c e n t r  i f u g a t i  on (Nath and Johnson, 1981) and c o n t in u o u s  f lo w  
c en t r i fu g a t io n  (Anderson M  M .#  1967) have been used to  concentrate  sludge 
eluents  and large volumes of water respect ive ly .  C en tr i fu g a t io n  Is both t ime  
consuming and expensive and t h i s  has tended to  discourage I t s  a p p l ic a t io n  as 
a rou t ine  method.
U l t r a f i l t r a t i o n  Is t h e  process by which w a t e r  Is  d r i v e n  th ro u g h  a 
membrane under pressure. The small pore s ize  of the membrane prevents v i ru s  
passing th rough I t  and r e s u l t s  In t h e  a c c u m u la t io n  o f  v i r u s  behind t h e  
membrane. Although t h is  method has seen a p p l ic a t io n  In recent  years (Sweet  
M M .#  1971; B e l f o r t  M M .#  1976), I t  Is r e s t r i c t e d  to  clean waters because 
membranes can q u i c k l y  become c logged.  However ,  t h i s  t e c h n iq u e  has been 
mod I f  I ed by Vayd I c (1 968) and Poy n t e r  M  M.# "(1970) using a l g l  n a t e  f  I I t e r s  
which a re  s o l u b l e  In sodium c i t r a t e  and which p r o v id e  a v i r u s  c o n c e n t r a t e  
which f o r t u i t o u s l y .  Is not c y t o t o x i c .  A l though s im p le  t o  use t h e i r  
e f f i c ie n c y  Is again ser iously  a ffected by the presence of suspended m at te r  
and because of t h i s  they have r a r e ly  been used fo r  tu rb id  samples. However,  
they  have been used as a t h i r d  step c o n c e n t r a t i o n  t e c h n iq u e  t o  c o n c e n t r a t e  
V I rus f  11 t e r e d  from 100 gal  Ions of  w a s te w a te r  (Sel  na and M l e i  e,  19 7 7 ) ,  and 
a ls o  t o  c o n c e n t r a t e  added po I I ov I rus ,  from 10 11 t r e s  of  c I a r  I f  I ed sewage,  
with  an e f f i c ie n c y  of 6 6 # (Gartner,  1967).
e) Membrane f11 t e r  adsorpt lon-e lu t lon
Viruses are e f f i c i e n t l y  re ta ined by membrane f i l t e r s  wi th  a pore s iz e  
considerably larger  than the diameter of  the v i ru s  I ts e l f^  Virus binding Is  
r e v e r s i b l e  and Is  In f lu e n c e d  by t h e  pH o f  t h e  e n v i ro n m e n t  a f f e c t i n g  t h e  
charge on both the f i l t e r  and v irus .  A c id i fy in g  the sample and the  ad d i t io n  
o f  p o l y v a l e n t  c a t io n s  (Mg^*^ or  Al^"*") enhances t h e  a d s o r p t i o n  o f  a c id  
r e s i s t a n t  v iruses t o  e lec tronegat ive  membrane f i l t e r s .  The need to  obta in  
the  r i g h t  combination of a p o s i t i v e ly  charged v i ru s  and a ne g a t ive ly  charged 
f i l t e r  Is based on an e le c t r o s t a t i c  theory of  adsorption (Kessick and Wagner,
1975 ) .  Among t h e  m a t e r l a l s  used f o r  e l e c t r o n e g a t I v e  membrane, f I  I t e r s  a r e  
c e l l u l o s e  n i t r a t e ,  c e l l u l o s e  a c e t a t e ,  f i b r e g l a s s  and epoxy r e s i n s .  The 
f i l t e r s  may be f l a t ,  pleated and/or c a r t r id g e  type,  the l a t t e r  type enabling  
l a r g e  volumes t o  be f i l t e r e d  w i t h o u t  c lo g g in g  th e  membrane.  A new 
e le c t r o p o s i t i v e  f i l t e r  has a lso been developed which, because of I t s  a b i l i t y
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t o  adsorb v i r u s e s  a t  a m b ie n t  pH v a lu e s .  Is p ro v in g  t o  be c a p a b le  of  
c o n c e n t r a t i n g  a much w id e r  range o f  v i r u s e s  (Sobsey and G las s ,  I960;  S ee ly  
and P r im r o s e ,  1979).  Once v i r u s  Is  adsorbed,  th e  v i r u s  Is  e l u t e d  o f f  by 
using e i t h e r  a high pH b u f fe r  or a s l i g h t l y  a lk a l in e  organic eluent.
Th is  method Is  s u i t a b l e  f o r  d e t e c t i n g  low l e v e l s  o f  v i r u s  In l a r g e  
volumes o f  f i n i s h e d  w a t e r s  and has been su b se q u e n t ly  adapted  f o r  t h e  
concentrat ion of v irus  from wastewater samples. However, t h i s  I n t e n s i f i e s  
the three problems associated with  the f i l t e r i n g  of  large volumes of  water ,  
these being how to  avo ld : -
) suspended matter clogging the membrane f i l t e r
I )  removing so l id -assoc ia ted  v i rus  when using p r e f i l t e r s
I I )  soluble  and c o l lo id a l  materia l  competing w i th  v i rus  fo r  v i rus  binding  
s i t e s  ( t h e  so c a l l e d  membrane c o a t in g  components (MCC) o f  WalI  Is  and 
Mel nick,  1967a)
Treatments employed to  overcome some of these problems are  the  Inc lus ion  
of p r e f i l t e r s  In the e lu t io n  procedure to  f r e e  so l id -as soc ia te d  v i ru s  (Moore 
M M . #  1970) and t h e  t r e a t m e n t  of  c l a r i f i e d  sewage w i t h  an an I on exchange  
column to  remove MCC components ( W a l l i s  and Mel nick,  1967a). EDTA may also be 
added before f i l t r a t i o n  (Sobsey M  M.# 1974) or a f t e r  f i l t r a t i o n  (Farrah M
M.# 1976) t o  p r e v e n t  heavy meta l  c a t i o n s  p r e c i p i t a t i n g  o u t  a t  a l k a l  I ne pH 
v a lu e s  and thus I n t e r f e r i n g  w i t h  c o n c e n t r a t i o n  techniques.  Many problems 
associated wi th  the f i l t r a t i o n  of  wastewater samples have been solved by long 
and sometimes complicated procedures Involving many steps of  concentrat ion .  
For In s ta n c e ,  complex methods of  t h i s  k in d  coupled w i t h  t h i r d  s tep  
concentrat ion techniques have permitted the  recovery of  only 20-50# of  added 
p o l I o v I r u s  from w a s te w a te r  samp I es (F a r r a h  M  M.# 1976; Se lna  and Ml e l e ,  
1977; Gerba M M . #  1978b).  Even so r e p o r t e d  r e c o v e r i e s  o f  t h i s  m a g n i tu d e  
may be over -estimates  as another problem with  the use of  membrane f i l t r a t i o n  
Is t h a t  disaggregation of  v i rus  a t  the surface  of membrane f i l t e r s  may occur  
thus g iv ing apparently higher v irus  t i t r e s  ( C l i v e r ,  1965).
Rao M  M .#  (1972) using a f i l t r a t i o n  technique,  which fo r  them was 8 8 -  
97# e f f i c i e n t  fo r  the recovery of p o l io v i ru s  1 from raw sewage, de tected up 
t o  I 1,575 pfu 1”  ^ o f  Indigenous v i r u s  In r e l a t i v e l y  smal I vo lumes o f  raw 
sewage (40 ml). The problem of f i l t e r i n g  large volumes of wastewater In the  
f i e l d  has been I n v e s t i g a t e d  by Homma M  M . #  (1973) who showed t h a t  
p o l io v i ru s  could be concentrated from 60 l i t r e  samples of  wastewater w i th  an
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e f f i c i e n c y  of  8  1# by use of  a ' p o r t a b l e  v i r u s  c o n c e n t r a t o r ' .  But a l th o u g h  
th e  method has been adapted t o  such s u b s t r a t e s  as rav/ sev/age i t  is  t o t a l  ly 
unsui table  fo r  the processing of samples with high so l ids  contents such as 
wastewater sludges. Membrane adsorpt ion-e lu t ion  can however be appl ied to  
the concentrat ion of  v irus  from sludge eluents but d i f f i c u l t i e s  a r is e  here 
because s lu dge  e lu e n t s  a re  o f t e n  o r g a n ic  In n a t u r e  and t h e  p resence  of  
o r g a n ic  substances  I n t e r f e r e s  w i t h  v i r u s  a d s o r p t io n  t o  f i l t e r s .  O rg an ic  
mater ia l  may also be released from the sludge during the e lu t io n  procedure 
causing f u r t h e r  problems.
f )  Adsorption M  v irus  ± q  Inorganic ,  mineral a M  organic m a te r la ls
Virus adsorption to  m a te r ia ls ,  other than membrane f i l t e r s ,  can be used 
t o  c o n c e n t r a t e  v i r u s  from f i l t e r  membrane e lu e n t s  (as a second s ta g e  
concentrat ion technique),  or w astew ater  s ludge  e lu e n t s .  A d s o r p t io n  t o  t h e  
s u b s t r a t e  Is  c o n t r o l l e d  by pH and Io n i c  c o n d i t i o n s  In a s i m i l a r  way t o  
adsorption of  v i rus  t o  membrane f i l t e r s .  Adsorbent m a te r ia ls  used fo r  t h i s  
purpose In c lu d e  pre form ed or  In s i t u  f l o e s  o f  c h em ic a l  p r e c i p i t a t e s  
(a lu m in iu m  h y d ro x id e ,  a lu m in ium  phosphate,  alum or  c a lc iu m  p h o s p h a te ) ;  
I n s o l u b l e  sol Ids ( p o l y e l e c t r o l y t e ,  g la s s  powder or  b e n t o n i t e )  and o r g a n i c  
f loes  produced In s i t u  (beef e x t r a c t  or caesin) .
P ro te in a c e o u s  e l u e n t s  a r e  u n s u i t a b l e  f o r  c o n c e n t r a t i n g  v i r u s  by 
a d s o r p t io n  t o  chem ica l  p r e c i p i t a t e s  or  I n s o l u b l e  s o l i d s  because p r o t e i n s  
I n t e r f e r e  w i t h  v i r u s  a d s o r p t io n .  Such p r o te in a c e o u s  e l u e n t s  may be 
concentrated d i r e c t l y  when In s i tu  organic f loes  are produced by adjustment  
t o  an appropr iate  a c id ic  pH value.  Once adsorbed, v i rus  Is concentrated by 
dissolv ing  the f lo e  In a small volume of a lk a l in e  bu f fer .  Viruses which have 
been adsorbed to  Insoluble  so l ids  may be e i t h e r  concentrated by e lu t in g  the  
v i r u s  In a sm al l  volume o f  p r o t e  I naceous e l u e n t  o r ,  as In t h e  case o f  
chemical p r e c ip i ta te s ,  p lated  d i r e c t l y  onto c e l l s .
I)  Ch.em.i.gM preç.ipl.t,a.tgs
Wal I l s  and Mel n ic k  (1967b)  t e s t e d  t h r e e  p r e c ip i t a t e s  t o  concentra te  a 
v a r i e t y  o f  v i r u s  ty p e s  from e i t h e r  aqueous suspensions  or  e f f l u e n t s .  
Alumin ium h y d ro x id e  reco ve red  a I I t h e  e n te r ic  v iruses o ther  than re o v i ru s .
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c a lc iu m  phosphate f a i l e d  t o  r e c o v e r  r e o v i r u s  or  adeno v irus  and a lu m in iu m  
phosphate recovered the least .  These r e s u l ts  were a lso In accordance w i th  
t h e  p r e d i c t i o n s  of  Cookson (1973) who suggested t h a t  v i r u s  a d s o r p t i o n  t o  
chemical hydroxides was probably I n i t i a t e d  by the In te ra c t io n  of the  v i ru s  
w I t h  t h e  OH groups on t h e  p r e c l p l  t a t e .  Pal f  I ( 1971 ) and Eng I and (1973)  In 
contrast  to  W a l l is  and Mel nick's f ind ings ,  used calcium phosphate to  recover  
natural  ly occurring v i rus  from raw sewage, the  former f ind ing  t h a t  31# of  al I 
Iso la tes  were reovi rus .
D i f f e r e n t  c o n c e n t r a t i o n  te c h n iq u e s  were  compared by F a t t a l  e t  a I . ,  
(1974)  and by Moore M M . #  (1 9 7 0 ) .  Both groups found t h e  c o n c e n t r a t i o n  o f  
v i r u s e s  w i t h  a lumin ium  h yd ro x id e  t o  be an e f f i c i e n t  method, a l th o u g h  t h e  
e f f i c ie n c y  of the method was g r e a t ly  reduced when appl ied  t o  raw sewage as 
opposed t o  tap water (F a t ta l  M M . #  1974). Furthermore echovlrus 7 was not  
as e f f i c i e n t l y  concentrated as p o l io v i ru s  1 . In other studies,  alum, calc ium  
hydroxide and Iron c h lo r ide  were In d iv id u a l l y  added to  wastewater samples t o  
c o n c e n t r a t e  e i t h e r  added v i r u s  (La i  and Lund, 1975) o r  Ind igeno us  v i r u s  
(Lydholm and N Ie ls o n ,  1980; N le i  son and Lydholm, l980 ) .Lydholm  and NI el  son
(1980) a lso assessed a technique which they termed acid p r e c ip i t a t i o n .  This  
was per form ed by lo w e r in g  t h e  pH o f  t h e  sewage t o  al low v i r u s  t o  adsorb t o  
n a t u r a l  ly o c c u r r i n g  sol  Ids .  Al I o f  t h e  t e c h n iq u e s  were  found t o  be equal  ly 
e f f e c t i v e  whether tested against seeded or Indigenous v i ru s  but fo r  samples 
of wastewater sludge Ne I Ison and Lydholm (1980) were unable to  use any of  the  
p r e c i p i t a t i o n  techniques e f f e c t i v e l y .  Instead In fec t ious  v i rus  was assayed 
d i r e c t l y  from beef e x t r a c t  eluents.
The use of Iron oxides such as hemat ite  or magneti te Is wel l  documented 
f o r  th e  c o n c e n t r a t i o n  of  v i r u s  from r e l a t i v e l y  c le a n  w a t e r s  ( Rao M  M . #  
1968; A th e r to n  and B e l l ,  1981) b u t  th e s e  have r a r e l y  been used f o r  
concentrat ing v i rus  from wastewater samples.
11) Insoluble sol Ids
P o ly a m p h o ly t l c  m o lec u le s  of  I n s o l u b l e  p o l y e l e c t r o l y t e  (Pe60) In 
suspension have been added d i r e c t l y  to  raw sewage to  I s o la t e  and concentrate  
v i ru s  (W a l l i s  and Mel nick,  1969; G r in s te in  M M . #  1970; F a r ra r  and Hedr ick,  
1972; F a t ta l  M M . #  1977). In f a c t  W a l l is  and Mel nick (1969) p re fe r re d  the
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Pe60 method of adsorption to  both aluminium hydroxide and membrane f i l t e r s  
because v i ru s  adsorption occurred In the presence of organic m a te r ia l .  V irus  
v/as then e lu ted a t  pH 9 with 10# foeta l  c a l f  serum to  give  a 93# recovery of  
th e  or  I g In a I  I nocuIum. They a ls o  a p p l ie d  th e  te c h n I  que t o  fa e c a l  samples  
w i t h  th e  same degree  of  success.  D e r b y s h i r e  and Brown (1978) used a 
m o d i f i c a t i o n  of  th e  W a l l i s  and M e ln ic k  (1969)  t e c h n iq u e  t o  I s o l a t e  and 
concentrate Indigenous v irus  from soi l  and aqueous samples of  farm l ives tock  
wastes .  However ,  a I though t h e  techn Ique Is  s im p le  t o  p e r f o r m ,  Berg (1 971 )  
demonstrated t h a t  the method gave e r r a t i c  r e s u l ts  when tested  wi th  a number 
of d i f f e r e n t  e n t e r ic  viruses from wastewater. Pe60 was found to  be unstable  
and became Increasingly  less e f f i c i e n t  a t  adsorbing v i ru s  the  longer I t  was 
stored.  Also batches of Pe60 can vary In t h e i r  performance and the technique  
as I t  stands does not represent  a r e l i a b l e  and reproduceable concentrat ion  
method.
C o n c e n t r a t i o n  o f  v i r u s  f ro m  w a s t e w a t e r  s a m p l e s  has a l s o  been  
Investigated by adsorption to  and e lu t io n  from bentonite  c lay .  Moore M  a l . .  
(1974) concentrated po l io v i ru s  I from raw sewage wi th an e f f i c i e n c y  of  48# 
and Schaub and Sorber (1976) recovered 71# of  added p o l io v i ru s  adsorbed onto  
both bentoni te  and e f f l u e n t  so l ids ,  by e lu t in g  with a m ix ture  of  g ly c in e  EDTA 
and f o e t a l  c a l f  serum a t  pH I I .  Turk M  M . #  (1980) have deve loped t h i s  
t e c h n iq u e  f u r t h e r  t o  c o n c e n t r a t e  Indigenous v i rus  from wastewater sludges.  
The s o l ids  are e lu ted with d i s t i l l e d  water,  bentonite  added t o  the e lu en t  and 
v irus  then e lu ted from th is  wi th  t ryptose phosphate broth t o  g ive  an o v e ra l l  
e f f i c ie n c y  o f  74.1#.
The use of glass powder to  concentrate v i rus  Is a recent  and successful  
deve lopment but has o n ly  been used t o  c o n c e n t r a t e  v i r u s  from p r i m a r y  and 
secondary e f f lu e n t s  (Schwartzbrod M  M .#  1981).
I l l )  Organic f loes
Cramer (1964) observed t h a t  the addi t ion  of  protamine sulphate  (sal mine) 
to  a suspension of v i rus  In the presence of bovine serum albumin a t  pH 7.2 to  
7.8 r e s u l t e d  In a p r o t e i n  complex c a p a b le  of  removing v i r i o n s  l a r g e r  than  
50nm In d i a m e t e r .  England (1972)  used t h i s  method s e l e c t i v e l y  t o  remove  
a d eno v irus  and r e o v i r u s  from c l a r i f i e d  w a s t e w a t e r ,  w i t h  an e f f i c i e n c y  o f  
between 80-100#.  The recovery of en te rov i rus  was unpredictab le  and depended 
upon th e  s p e c i f i c  v i r u s  t e s t e d .  The amount of  r e o v i r u s  o b t a i n e d  by t h i s
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t e c h n iq u e  exceeded t h a t  re co v e red  by Pe60 or c a lc iu m  phosphate and v/as 
comparable to  p r e c ip i t a t io n  with  aluminium hydroxide.
H u rs t  M  M . #  (1978) showed t h a t  v i r u s  In a c t i v a t e d  s ludge  g l y c i n e  
b u f f e r e d  e l u e n t s  may be c o n c e n t r a t e d  on o rg a n ic  f l o e s  produced In s i t u  by 
lo w e r in g  t h e  e l u e n t  t o  pH 3 .5 .  T h is  method proved more e f f i c i e n t  th an  t h e  
c o n c e n t r a t i o n  of  v i r u s  on to  a lu m in ium  hyd ro x id e  f l o e s  and r e c o v e re d  an 
o v e r a l l  80 ,  75 and 6 8 # o f  po I I ov I rus 1, Coxsack lev  I rus B3, and e c h o v l r u s  7 
respect ive ly .  The same technique was successful ly  used by Pancorbo M  M«# 
(1981) t o  c o n c e n t r a t e  v i r u s  In s ludge e lu e n t s  o b ta in e d  from a c t i v a t e d ,  
anaerobic and aerobic digested sludge.
A second s tep  c o n c e n t r a t i o n  o r g a n ic  f l o c c u l a t i o n  method was found by 
K atze ne I  son M  M . #  (1976)  t o  c o n c e n t r a t e  v i r u s  In b e e f  e x t r a c t  f i l t e r  
e l u e n t s .  They s im p ly  lowered t h e  pH of  t h e  beef  e x t r a c t  e l u e n t  t o  pH 3 .5 ,  
the I sol e c t r i c  po int  of a component In beef e x t rac t .  From the  r e s u l t a n t  f l o e  
they recovered 75# of added p o l io v i ru s  I. Only h a l f  as much was recovered by 
use of  a g l y c i n e  b u f f e r  e l u e n t  f o l l o w e d  by c o n c e n t r a t i o n  w i t h  a lu m in iu m  
h y d ro x id e  f l o e s .  In 1981 (a )  Kemdl and F a t t a l  r e p o r t e d  t h a t  o r g a n ic  
f lo c c u la t io n  of  beef e x t r a c t  was capable of  recovering 84# of echovlrus 7 and 
87# of  Coxsackievirus A9.
Organic f lo c c u la t io n  of  beef e x t r a c t  was adopted by Glass M  M .#  (1978)  
t o  c o n c e n t r a t e  v i r u s  from a n a e ro b ic  d ig e s t e d  s ludge  e l u e n t s ,  g i v i n g  an 
over  a I I re co v e ry  of  6 0 -6 5 #  o f  added pol I ov I rus 1. I t  has a l s o  been used t o  
c o n c e n t r a t e  e f  f  I uent f  I I t e r  el uents  and re co v e re d  more than  tw I ce as much 
v i r u s  as t h e  g l y c i n e  e l u t i o n  method f o l l o w e d  by a lu m in iu m  h y d ro x id e  
c o n c e n t r a t i o n  (Landry  jgt M . ,  1 9 8 0 ) .  How e v e r ,  ev I d e nce  t h a t  o r g a n i c  
f l o c c u l a t i o n  may not c o n c e n t r a t e  v i r u s  w i t h  equal  e f f i c i e n c i e s  was 
demonstrated by Morr is  and Waite (1980a). The m a jo r i ty  of  Coxsackievirus  B3 
was reco ve red  from beef e x t r a c t  f l o e s  whereas t h e r e  was les s  th a n  a 40#  
re c o v e r y  f o r  p o l i o v i r u s  I and 2 ,  C o x s a c k ie v i ru s  B2 and B5. In a d d i t i o n  
echovlrus I was hardly recovered a t  a l l .
B i t t o n  M  M . ,  (19 79a ,  b) deve loped a s i m i l a r  o r g a n ic  f l o c c u l a t i o n  
method based on the use of caesin,a component of m i lk  which p r e c i p i t a t e s  to  
form a f l o e  a t  I t s  I s o e l e c t r i c  p o i n t  pH 4 .5 .  When m i l k  e l u t i o n  and 
subsequent  c o n c e n t r â t  I on by a c id  p r e c i p i t a t i o n  was a p p l i e d  t o  sandy s o i l s  
seeded with  p o l iov i rus ,  r e s u l ts  were comparable to  those obtained using beef
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e x t r a c t  e l u t i o n  and c o n c e n t r a t i o n .  However,  a l th o u g h  t h e  method was 
e f f i c i e n t  f o r  t h e  re c o v e ry  of  p o l i o v i r u s  1, 2 and 3 and Coxsack lev  I rus  B3 
(over 50#),  the recovery of echovlrus 1 was much less e f f i c i e n t  (8 #).
A novel  o r g a n ic  f l o c c u l a t i o n  method was r e p o r t e d  by KonwaIchuk and 
S p e i r s  (1973) which In v o lve d  t h e  use of  v e g e t a b l e  e x t r a c t .  At pH v a lu e s  
between 4.5 and 6.2 a f lo e  developed from which 100# of  added Coxsackievirus  
B3 cou ld  be reco ve red .  D e s p i t e  t h i s ,  no f u r t h e r  de ve lopm e nt  o f  t h i s  
concentra t ion method has occurred.
In summary,  r e l a t i v e  assessment  of  th e  v a r i o u s  methods Is  d i f f i c u l t  
because each group has a p p l i e d  them t o  d i f f e r e n t  s t a r t i n g  m a t e r i a l s  and 
c la i m s  t h a t  I t s  own p a r t i c u l a r  method Is t h e  most e f f i c i e n t  method f o r  
I s o la t in g  v i r u s .
C. RemovaI M  c y t o t o x ic i t y
I t  Is  u n f o r t u n a t e  t h a t  t h e  c o n c e n t r a t i o n  o f  v i r u s e s  from s ludge  a ls o  
concentrates metal Ions and other  I l l - d e f i n e d  c y to to x ic  substances. Simple  
d i l u t i o n  of the  concentrate can be used to  reduce c y t o t o x ic i t y  but In doing 
so d e f e a t s  th e  pr im e o b j e c t i v e  of  th e  method which Is  t o  c o n c e n t r a t e  t h e  
v irus .  An a l t e r n a t i v e  to  d i l u t i o n  of samples t o  reduce c y to to x ic  e f f e c t s  Is 
th e  a d d i t i o n  of  an equal  volume of d I t h I  zone ( a meta l  c h e l a t i n g  a g en t )  In 
c h l o r o f o r m .  Glass M M . »  (1978)  found t h i s  t e c h n iq u e  a p p a r e n t l y  removed  
cy to tox ic  metal Ions w i thout causing In a c t iv a t io n  of  the e n t e r ic  v iruses In 
t h e  c o n c e n t r a t e .  Another  method Is t o  use f re o n  t o  remove c y t o t o x i c  
substances (Berg M  M . ,  1982). In add i t ion ,  the s e lec t ion  of  the c e l l  system 
and method of assay may he lp  t o  avo id  t h e  problems of  c y t o t o x i c i t y .  For  
I n s ta n ce ,  human d i p l o i d  ce l  Is  and B u f f a l o  green monkey k id n e y  c e l l s  (BGM) 
have been r e p o r t e d  t o  be more s u s c e p t i b l e  t o  t o x i c  s u bstances  th a n  o t h e r  
common I y used c e l l  cu l tu res  (B o t t lg e r ,  1973; Schmidt M  M . ,  1978).The danger 
of to x ic  substances In the  plaque assay method Is t h a t  to x ic  m at te r  may be 
l o c a l i s e d  and as a r e s u l t  g i v e  r i s e  t o  f a l s e  p laques  (Kedml and F a t t a l ,  
1981b). This problem may be e l im ina ted  In l iq u id  c u l tu res  by the  removal of  
the Inoculum a f t e r  a s u i ta b le  period of adsorption.  Frequent changes of the  
cel  I c u l t u r e  medium may a ls o  he lp  t o  avo id  c y t o t o x i c  e f f e c t s  ( D u f f ,  1970;  
B o t t lg e r ,  1973; Schmidt M  M . ,  1978).
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D. RemovaI of  b a c te r ia l  and fungal contaminates
The methods which have been used t o  e l i m i n a t e  b a c t e r i a l  and fu n g a l  
c o n ta m in a te s  from c o n c e n t r a t e s  a re  summarised In T a b le  1.16. Of th es e  
methods, the most e f f i c i e n t  Is probably the addi t ion  of chloroform or ether  
to  samples. These solvents e l im in a t e  the contaminants w i thout a f f e c t i n g  the  
v i a b i l i t y  of non-enveloped viruses,  provided g reat  care Is taken to  remove 
a l l  t r a c e s  of  s o l v e n t .  A d is ad v a n ta g e  of  t h i s  t r e a t m e n t  Is  t h a t  v i r u s  
numbers have been shown to  be reduced when concentrates are assayed fo r  v i ru s  
I n f e c t i v i t y  by t h e  p laque assay method (G r in d ro d  and Cl I v e r ,  1970; Cl I v e r ,  
1975).
The Incubation of samples p r io r  to  Inocula t ion with  high concentrat ions  
of a n t i b i o t i c s  a t  37°C f o r  about 3h Is  a ls o  a n o th e r  p o p u la r  method.  
Nevertheless,  Buras (1974) using t h is  technique found th a t ,  fo r  some as y e t  
unexpI a Ined reason,  a n t i b i o t i c  t r e a t m e n t  gave I n c o n s i s t e n t  r e s u l t s  when 
samples were assayed by the plaque assay method. F i l t r a t i o n  through 0.22 |jm 
or 0.45 jjm f i l t e r s  Is another method which has been extens ive ly  used but fo r  
t h i s  t o  be e f f e c t i v e  p r e t r e a t m e n t  of  membranes w i t h  serum Is e s s e n t i a l  t o  
prevent loss of v irus  by adsorption.
- 83 -
TABLE 1.16 Methods i a c  e l iminatJng b a c t e r ia l  amj fungal contamination from 
concentrates
Method Reference
Ether treatment Lund M  M . , 1969: D u f f ,  1970: 
B o t t lg e r  1973
Chloroform treatment Nupen 1970; C l i v e r  1975
A n t ib i o t i c  and anti  fungal 
treatment
Buras, 1974; Kedml and F a t t a l ,  1981a
Mil I Ip o re  membrane f 11t r a t l o n Subrahmanyan, 1977; 
Berg and Dahl ing,  1980
D i f f e r e n t i a l  c en t r i fu g a t io n England M  M . , 1972
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E. yj .r .u5 ssssy
The p r o b l e m s  a s s o c i a t e d  w i t h  assay  o f  i n f e c t i o u s  v i r u s  and 
i d e n t i f i c a t i o n  of the v i rus  are common to  a l l  aspects of v i ro logy .  The aim 
of c l i n i c a l  v i r o l o g i s t s  Is to  I s o la te  the v irus  causing disease,  whereas I t  
Is  th e  aim of e n v i r o n m e n ta l  v i r o l o g i s t s  to  d e t e c t  t h e  maximum number and 
range of v i r u s  ty p e s .  However,  I t  Is  a lm o s t  Im p o s s ib le  t o  I s o l a t e  and 
I d e n t i f y  a l l  of  t h e  v i r u s e s  p r e s e n t  In th e  e n v i ro n m e n t  because no t  a l l  
v i r u s e s  a r e  r e a d i l y  propagated  In c o n v e n t io n a l  c e l l  c u l t u r e s  and t h e  
s u s c e p t i b i l i t y  of any given c e l l  system l i m i t s  the range of v iruses which can 
be Iso la ted .
The ce l  I c u l t u r e  system Is r o u t i n e l y  used f o r  t h e  I s o l a t i o n  o f  most  
e n t e r i c  v i r u s e s .  R e t t e r  M  M . ,  (1979 )  de m onstra ted  t h a t  45# o f  a l l  
adenovirus obtained from faecal samples did not r e p l i c a t e  In c e l l  c u l tu re s ,  
although c h a r a c t e r i s t i c  p a r t i c l e s  were  r e a d i l y  I d e n t i f i e d  by e l e c t r o n  
m I croscopy. F u r th e rm o r  e, S a t t a r  ( 1978) c l  a I med t h a t  o n ly  about  30# o f  a l l  
known enteroviruses were detected In ro u t in e ly  used c e l l  cu l tu re s .  Commonly 
p r e s e n t  e n t e r i c  v i r u s e s  which would be missed by such methods v/ould be 
r o t a v i r u s  and h e p a t i t i s  A v i r u s ,  amongst many o th e r s  (see s e c t i o n  I ) .  
Several other v iruses such as reovirus  and c e r t a in  adenoviruses may r e p l i c a t e  
r e l a t i v e l y  slowly  and th e re fo re  become obscured by other  f a s t e r  r e p l i c a t i n g  
viruses present In the  same sample.
The plaque assay Is c o n s id e re d  t o  be t h e  most s e n s i t i v e  and p r e c i s e  
technique fo r  v i rus  assay and In theory one In fec t ious  p a r t i c l e  g ives  r i s e  to  
one p laque.  However, no t  a l l  v i r u s e s  form p laques  and some form them so 
slowly t h a t  the c e l l  sheet d e te r io ra te s  before the plaques become v i s i b l e .  
In an I n v e s t i g a t i o n  by Schmidt M  M . ,  ( 1 9 7 8 ) ,  e c h o v l r u s  and r e o v i r u s  
produced a cytopathic  e f f e c t  (C.P.E.) In c e l l  c u l tu re s  under f l u i d  but f a i l e d  
t o  do so In t h e  same c u l t u r e s  under a sol Id o v e r l a y e r .  The a l t e r n a t i v e  t o  
the plaque assay Is the most probable number method or quantal  assay; the end 
p o i n t  be ing t h a t  d i l u t i o n  whIch e f  f e c t s  50# o f  t h e  InocuI  a ted  h o s ts .  In 
samples conta ining mixtures of e n t e r ic  v iruses,  the  quantal  assay Is  reported  
t o  be t h e  b e t t e r  t e c h n iq u e  f o r  d e t e c t i n g  th e  maximum number o f  v i r u s e s  
(Nupen, 1970; Grabow and Nupen, 1981).
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Where the plaque method Is app l icab le  a most s e n s i t iv e  m o d i f ic a t io n  of 
the technique Is the use of suspended c e l l s  held In agar. The agar suspended 
c e l l  technique was f i r s t  demonstrated by Cooper (1951) and was l a t e r  modif ied  
by Slade (1977) to  detect  v i rus  from water samples. Morr is  and Waite (1980b) 
rece n t ly  demonstrated t h a t  BGM c e l l s  presented as monolayers In f la sk s  were 
less s e n s i t iv e  t o  v i rus  Iso la t io n s  than In the form of tube c u l tu re s  or agar 
suspended cel  Is.  The agar  suspended cel  I te c h n iq u e  was t h e  b e s t  method In 
t h a t  t h e  h i g h e s t  numbers o f  v i r u s  I s o l a t e s  were th en  o b t a i n e d .  They 
concluded t h a t  although the suspended c e l l  technique was expensive In terms  
of c e l l s ,  t h i s  f a c t o r  was more than o f f s e t  by an In c r e a s e  In v i r u s  
s e n s i t i v i t y .  In add i t ion ,  Schmidt M  M . ,  (1978) found t h a t  plaque assays In 
p l a t e s  Incubated  In a CO2  a tm osphere  were less  s e n s i t i v e  th an  assays  
per form ed In c lo sed  b o t t l e s .  I t  has a ls o  been observed (Hamb I e t  e t  a l . .
1967) t h a t  th e  n a tu r e  of  th e  d l l  uent can a f f e c t  v i r u s  11 t r e s .  For examp I e,  
p o l io v i ru s  stock c u l tu r e  when d i lu te d  In n u t r i e n t  broth had a t i t r e  5 t imes  
grea te r  than when d i lu te d  In Hank's balanced s a l t  so lut ion.
Viruses are fa s t id io u s  about the type of c e l l  they In f e c t  and human or  
monkey c e l l  systems are usual ly  best fo r  I s o la t in g  human v i ru s .  A summary of 
some of the s u i ta b le  cel I systems which can be used to  de tect  e n t e r ic  v iruses  
Is given In Table 1.17. Primary c e l l s  are more s e le c t i v e  fo r  s p e c i f i c  v i ru s  
but  a re  becoming I n c r e a s i n g l y  expens ive  whereas c o n t In u o u s  c e I I s  which  
e x h i b i t  a broader spectrum of s e n s i t i v i t y  are much cheaper. The continuous  
cel  I l i n e  BGM, has been found by many I n v e s t i g a t o r s  t o  have a u s e fu l  wide  
spectrum of s e n s i t i v i t y  t o  human e n t e r o v I  ruses .  D a h l in g  ^  3 ± , ,  ( 19 74 )  
observed t h a t  these c e l l s  Iso la ted 3-10 t imes more v i rus  than primary  rhesus 
monkey k id ney  c e l l s  and 2 -5  t im e s  more v i r u s  than p r i m a r y  A f r i c a n  green  
monkey k idney  c e l l s .  However,  BGM c e l l s  w h i l s t  be ing s u s c e p t i b l e  t o  
p o l io v i ru s  and Coxsackie B v i rus ,  have been reported to  be u n s a t is fa c to ry  fo r  
t h e  I s o l a t i o n  of  e c h o v l ru s ,  Coxsack ie  A v i r u s  and, t o  a l e s s e r  e x t e n t ,  
reovirus  (Schmidt ^  a l . ,  1976). Grabow and Nupen (1981) p re fe r re d  pr imary  
monkey k idney  cel  Is t o  BGM cel  Is because they  reco ve red  more I s o l a t e s  and 
t h i s  Increased s e n s i t i v i t y  was a t t r i b u t a b l e  to  the detect ion  of high numbers 
of reov I rus.  I r v i n g  and Sm I th  (1981) found t h a t  He I a ce I Is re c o v e re d  most  
enteroviruses and reovI  ruses and th a t  no s i g n i f i c a n t  advantage was gained by 
using BGM cel  Is.  D i p l o i d  cel  Is have not been e x t e n s i v e l y  used f o r  v i r u s  
I s o la t io n s ,  although Schmidt (1969) observed t h a t  human fo e ta l  d ip lo id  kidney  
c e l l s ,  (HFDK) were good fo r  Iso la t in g  adenovirus and Sel I  wood M M . ,  (1981) 
found t h a t  human d ip lo id  f ib r o b la s t s  (HEL) Iso la ted  r e l a t i v e l y  high t i t r e s  of
- 86 -
<71
VO r—00 00 Ol 00
*:3- 00 00 Ol Ol 00 00 uo 00 . VO LO 1—  Ol 00
Ol VO (71 r>. (71 Ol 00
<y\ 0» 00 <71 Ol r— Ol (71 (71 <71
c
Ol r - 1 ^- (71
(U 4-> • S- 4-)
CL 4-) T-
3 E to to V) E to
fd (O to to z
to
to 4-> to to 4-> to tolO to *0 (/) (U 4J to to4-> 4-> 4-> -P *o •o (U 4-) 4-> (U
'K m '*
4-) 3C T7 (U 4J
(U <U (U (U cu c 4-> c (U (U (U C 4-> (U
u to (U to ■o ■a *o to T7 <U
c 01+J 014-) o 4-) 4-) o Ol +) 4-) c O g
0) c -a c  *a s- CD o "O •O o c  «*o •o to Ol O
s. o (U c •r— t/) "I— •I— c to to
cu r— E f— E JO E E E r— to E •E "O T- (O to4- SZ SZ s z  s z to (U > JC JC JC S- JC JZ c  > o g
(U to o to o i- to s- (U o o (U to 3 O Ü 3 L (U o L
OC Q  to Q  to cs Q to to to to o  oa to to _1 1—1 to s: C7
toto 3
<u S-
to
3 07 >&_
(U to to <u (U 07
> to 3 3to JiS S- S- zs zs (Uu 3 o to ♦r- Ü to oS- to 3 > > to 3 to zsS- to S- o o to L to o
(U > X sz sz X X to4-> O o > (U (U o > o to
c (U o -a *o (_) (_) XLU u < to <C to < o to toto to to to to C7
c sz to 3 to to (U 3 to 3 (U 3 to to
o 3 S- to to 3 i- 3 S- i- to 3 3to S- •r— to 3 4-> 3 i- zs %. •r- to JkC 3 S- S.4-> 4-) >  3 &_ S- o > >  3 O > S-
%. to > O S- 4-) > to O > O i- to O to > >(U o > to > O to SZ o to C 3 > to to(_> o JC I— > O Q. O JC X (U JC t— > X <u &_ O 4-) 4->to Ü o (U (U (U o o ■O o O o -a  *r- (U O O(U (U 0.07 s- 37 i- (U (_) to tu CLCQ o tO > &_ %. L4-)
to
Oto
>1tu
o sz4-) >> *a
(U
"O c zs
(U ■a
to >1 >1 *oC7 (U (U
c zs oto x> c >> (71 tu
E o (U Q. SZ otu zs E 3 c4-> c -a (Uto >> sz o (J
>> (U (U E sz o to
to c (U o to >> (U
o c &_ to 4-) s- i-
o C71 3 sz (U J7 o4-) E (71 E o E 3(U CL sz to 4 - tuo to to >> O <Si 4 -S- 3 U (U E c sz SZ O O
(U o to • r -  C o to to to «3 o Z SZ
E to (U ,s- -a c E E E Z rH s. o 1 3
o (U JC • 4 - I— 3 3 3 CD o <U (U _1 <c
to a a : < o 3C 3C rc m QZ > _ I s :
m
(UCL
.>1 >>k— i-
r— toE
(U S-
o CL
•o
o
Q.
O
(/)3O3
C
O(_>
■o
0)4->O
(U+J(U
-a
<0
- 87 -
e c h o v i ru s  and aden o v i ru s .  Although th e  l a t t e r  inves t iga to rs  demonstrated 
t h a t  Vero c e l l s  were  s u s c e p t i b l e  t o  Coxsack ie  B v i r u s e s  and r e o v i r u s e s ,  
o t h e r s  have shown t h a t  these  cel  Is gave poorer  v i r u s  y i e l d s  (Buras ,  1976; 
Morr is  and Waite,  1980b). Another c e l l  l in e ,  human rhabdomyosarcoma c e l l s  
(RD) has been used successful ly  to  propagate Coxsackie A viruses which would 
otherwise only be detected by inocula t ing into  suckl ing mice (Schmidt js± 
1975).
Many invest igators  have tackled the  problem of obta in ing maximum v irus  
i s o la t io n  by using a number of d i f f e r e n t  c e l l  systems with  overlapping v i ru s  
s e n s i t i v i t i e s .  Another  a l t e r n a t i v e  approach is to  d e l ib e r a t e ly  s e le c t  one 
c e l l  system with a broad spectrum of v i rus  s e n s i t i v i t y .  Since a l l  v iruses  
have been shown to  behave d i f f e r e n t l y ,  t h i s  l a s t  option,  although economical 
in t e rm s  of c e l l s  w i l l  o n ly  p ro v id e  data  on th e  be h av io u r  of  one group o f  
v i r u s e s .  H o w e v e r ,  i t  i s  a method t h a t  has been f a v o u r e d  by many 
i n v e s t i g a t o r s  because in r e a l i t y  a ba la n c e  has t o  be found between t h e  
maximum amount and ty p e  of  v i r u s  i s o l a t e d ,  t h e  c o s t  and t h e  e x i g e n c i e s  o f  
t ime.
F. I d e n t i f i c a t i o n
P re l im inary  i d e n t i f i c a t i o n  of v irus  is o la te s  can be made by .observ ing  
th e  c h a r a c t e r i s t i c  v i r a l  C.P.E. in c e l l  c u l t u r e s .  However,  p r e c i s e  
i d e n t i f i c a t i o n  of v irus  iso la te s  requires  serological  te s t in g  w i th  a known 
a n t i  serum. E n t e r o v i r u s e s ,  a d e n o v i ru s es  and r e o v i r u s e s  c o n s i s t  o f  many 
s e ro ty p e s  and t h e  lengthy and c o s t l y  p rocedu re  of  i d e n t i f i c a t i o n  is  
c o n s i d e r a b ly  s i m p l i f i e d  by em ploying  i n t e r s e c t i n g  a n t i s e r a  poo ls  in 
n e u t r a l i z a t io n  te s ts  (Lim and Benyesh-Melnick,  1960). Mel nick a 1.^(1973) 
have solved t h i s  problem by making a v a i la b le  lyo ph i l ized  combined pools of  
enterovirus  equine anti sera to  id e n t i f y  37 enteroviruses .  Another method is 
t o  p e r fo rm  an i n i t i a l  screen of  t h e  more common v i r u s  i s o l a t e s .  Both 
n e u t r a l i z a t i o n  t e s t s  a re  per form ed in m i c r o t i t r e  p l a t e s  and t h e  v i r u s  
i d e n t i f i e d  when v i rus  i n f e c t i v i t y  is neutra l ised .
Immunofluorescence can be used t o  both q u a n t i fy  and id e n t i f y  an i s o la t e  
simultaneously.  A v irus  antigen,  detected in in fected  c e l l s  is combined w i th  
a s p e c i f i c  antibody conjugated wi th  a f luoresc ent  dye known as f lu o re s c e in  
isothiocyanate.  This t e s t  is as s e n s i t iv e  as the plaque assay and has been 
applied to  detect ing v irus  in water samples (Katzenelson, 1976; Guttman-Bass
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e t  a l . .  1981).  Using t h i s  method, q u a n t i f i c a t i o n  and i d e n t i f i c a t i o n  was 
completed w i th in  18-24 h. This compared with the plaque assay in which v i ru s  
q u a n t i f i c a t io n  w ithout  v irus  i d e n t i f i c a t i o n ,  took a f u r t h e r  two days.
Because of the d i f f i c u l t i e s  in assaying human r o ta v i ru s  by conventional  
techniques,  immunofluorescence has been used t o  detect r o ta v i r u s  antigen in 
i n f e c t e d  c e l l s .  T h is  is  now a w e l l  e s t a b l i s h e d  d i a g n o s t i c  t e c h n i q u e  f o r  
id e n t i fy in g  human ro ta v i ru s  in stool preparat ions.  The s e n s i t i v i t y  of the  
t e s t  has been found t o  be enhanced by e i t h e r  c e n t r i f u g i n g  t h e  v i r u s  sample  
d i r e c t l y  onto preformed c e l l s  (Banatvala M  M . ,  1975) or by adding t ry p s in  
to  the c e l l  c u l tu r e  medium (Moosai ^  1979). A combination of the  two
methods has been used by Smith and Gerba (1980, 1982) to  de tect  r o t a v i r u s  in 
raw sewage and e f f lu e n ts .  The fu tu re  a p p l ic a t io n  of immunofluorescence fo r  
the de tect ion of  H e p a t i t i s  A v i rus  in environmental  specimens is encouraging.  
Daemer a I (1981)  have r e p o r t e d  t h a t  A f r i c a n  green monkey k id n e y  c e l l s  
inoculated with  materia l  from c l i n i c a l  specimens of H e p a t i t i s  A, contained  
v i r a l  s p e c i f i c  antigens which could be detected by immunofiourescence.
O t h e r  i d e n t i f i c a t i o n  m e th o d s  i n c l u d e  ra d io im m u n o a s sa y ,  enzyme  
immunoassay and immunoelectron microscopy. These l a t t e r  methods a r e  very  
s e n s i t iv e  and s p e c i f i c  but do not d is t inguish  between v ia b le  and non-v iab le  
v i ru s  p a r t i c l e s .  The ir  a p p l ic a t io n  to  detect v i ru s  from c l i n i c a l  specimens 
is  r e s t r i c t e d  t o  those  i m p o r t a n t  v i r u s e s  (N o rw a lk  a g e n ts ,  a s t r o v i r u s )  f o r  
which no easy c u l t i v a t i o n  method is  a v a i l a b l e  and not u n t i l  r e c e n t  I y have  
th e s e  methods been used t o  i d e n t i f y  v i r u s  from sewage systems.  S te inmann
(1981)  used enzyme-1 inked immunosorbent assay,  t o g e t h e r  w i t h  e l e c t r o n  
microscopy to  id e n t i f y  ro tav i ru s  iso la tes  in wastewater by e f f e c t i n g  a 2 , 0 0 0  
fo ld  concentrat ion  of samples. Furthermore,  ELISA has been reported as being 
more s e n s i t iv e  than immunofluorescence fo r  the  detect ion  of  r o ta v i r u s  (E l len s  
e t  al.p 1978) and has the added advantage of not involv ing the use of  l i v i n g  
c e l l  cu l tu res  and t h e i r  consequent problems.
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2^ MATERIALS M Ü  METHODS
1. CULTIVATION AND ASSAY OF BACTERIOPHAGE
The host b a c t e r i a  E s c h e r i c h i a  coI  i . K I 2 H f r ,  was o b ta in e d  from Dr. J. S lade  
(Thames Water Author ity ,  TWA). The ba c te r ia  were grown in a basic medium of
peptone bro th  c o n t a i n i n g : -  \% ( w /v )  peptone ( D i f c o ) ,  \% ( w /v )  NaCI (BDH),
0.08^ (w/v)  Lab-lemco (Oxoid), and t h i s  was adjusted to  pH 7.1 w i th  I M NaOH. 
To t h i s  \% o r  0.6% (w /v )  o f  p u r i f i e d  agar  ( D i f c o )  was added f o r  th e  
preparation of  lawn and s o f t  agars resp ec t ive ly .  Medium was s t e r i l i s e d  by
autoclaving a t  15 lbs per square inch for  15 min.
Stock c u l t u r e s  of  b a c t e r i a  were  prepared  by i n o c u l a t i n g  agar  s lo p es  and 
i n c u b a t in g  a t  37°C u n t i  I v i s i b l e  growth  oc cu r red .  Stocks  were k e p t  a t  4°C  
and renewed month ly .  Weekly c u l t u r e s  were  prepared  from t h e  s to c k  by 
s u b c u l t u r in g  i n t o  a f l a s k  c o n t a i n i n g  1 0 0  ml o f  peptone b r o th ,  in o c u la t e d  
c u l tu res  were placed on an o r b i t a l  shaker fo r  2 days a t  37°C and then stored  
a t  4°C. These c u l t u r e s  were used t o  i nocuI a t e  th e  d a i l y  work i ng c u l t u r e  
which was incubated overnight to  g ive  a ba c te r ia  count of approximate ly  5 x 
1 0  ^ b a c te r ia  ml" 1 .
Bacteriophage
The b a c te r io p h a g e  f2  was suppi ied by Dr.  J .S lade  (TWA) and s to c k  c u l t u r e s  
were prepared in E.col i as described by Ba l luz  and B u t le r ,  (1978).
The assay of f2 i n f e c t i v i t y  was in accordance with  a m o d i f ic a t io n  of  the s o f t  
agar  te c h n iq u e  (Adams, 1959).  The phage was d i l u t e d  te n  f o l d  in peptone  
b ro th  c o n t a i n in g  200 mM MgCl2  (BDH). S o f t  agars were d i s t r i b u t e d  as 4 ml 
al iq u o ts  and p r i o r  t o  each p laque  assay,  an a p p r o p r i a t e  number o f  samples  
were melted and kept a t  43°C. Each 4 ml sample of  s o f t  agar rece ived 0.1 ml 
of an overnight  bacter ia l  suspension and 0.1 ml of t e s t  phage d i l u t i o n .  The 
components were mixed q u i c k l y  and poured over  a prepared a g ar  lawn in a 
p e t r i  d ish  ( S t e r i l i n ) .  P l a t e s  were  i n v e r t e d ,  incubated  a t  37®C and t h e  
number of plaques counted the next day. I n f e c t i v i t y  t i t r e s  were expressed as 
plaque forming units per ml (pfu ml” )^ by averaging the counts from d u p l ica te  
pla tes  containing countable numbers of plaques.
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A. Cel I cu l tu res
a) B u f f a l o  green monkey k idney  ce l  Is (BGM) were suppI ied by Dr.  J. S lade  
(TWA) a t  a passage number 105 and were grown in Le ib o v i tz  medium (Appendix 
la)
b) MA-104 c e l l s ,  a foeta l  rhesus monkey c e l l  l ine ,  were obtained from Dr. M. 
MacCrea ( U n i v e r s i t y  o f  Warwick) a t  an unknown passage number and were  
c u l t i v a t e d  in Eagles minimum essentia l  medium, MEM (Appendix lb).
Ce l ls  were r o u t in e ly  passaged in to  80 cm^ or 25 cm^ p l a s t i c  t is s u e  c u l t u r e  
f lasks  (Nunc, Gibco-Biocu11),  BGM c e l l s  were passaged a t  a I to  5 r a t i o  every  
week and MA-104 c e l l s  a t  a I t o  4 r a t i o  t w i c e  a week. Old medium was 
discarded and monolayers of  c e l l s  were washed with  phosphate buffered s a l in e  
A, PBS (Oxoid). C e l ls  were dispersed by the add i t ion  of  versene and t r y p s in  
(Appendix  Ic )  and incubated  a t  37^C u n t i  I t h e  ce l  I s h e e t  was detached from  
the su r fa ce .
The c e l l s  were resuspended in growth medium (c e l l  concentrat ion approximate ly  
10"*^  t o  10^ ce l  Is  m l” ^) and seeded i n t o  t i s s u e  c u l t u r e  f l a s k s  (35 ml per  80 
cm^ f la sk  and 10 ml per 25 cm^ f la sk ) .  The new cu l tu res  were incubated f o r  3 
days a t  37°C or u n t i l  the cu l tu res  were conf luent .  At t h i s  stage the MA-104 
c e l l s  were again passaged, whi le  BGM c e l l s  were washed wi th  PBS, the  medium 
replaced by maintenance medium and incubated a f u r t h e r  4 days.
Ce l ls  were preserved as shown in Appendix Id.
For experiments,  cu l tu res  were required in t issu e  c u l t u r e  f la s k s ,  tubes and 
mult i  wel l  p la tes.  The preparat ion of  c e l l s  in f lask s  was as described fo r  
the subculture  of c e l l s .  For tube cu l tu re s ,  2 ml of  BGM c e l l s  (10^ c e l l s  ml" 
 ^ ) were seeded i n t o  p l a s t i c  t i s s u e  c u l t u r e  tubes  (100 x 14 mm tu b e s .  Nunc) 
and incubated  f o r  3 days a t  37°C on a r o t a t i n g  drum. When c e l l s  were  
conf luent  the  medium was replaced by maintenance medium.
For the preparat ion of  mult i  wel l  p la tes ,  3 ml of MA-104 c e l l s  (10^ c e l l s  ml” 
^) were seeded i n t o  each w e l l  of  an 8  w e l l  m u l t i  d ish (Lux,  T .W.Stones,  
S t a f f o r d )  and incubated  a t  37®C in 3% CO2  a i r .  A f t e r  2 t o  3 days .
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c o n f l u e n t  c e l l s  were washed and incubated a f u r t h e r  24 h on serum f r e e  
rnedi um.
In a d d i t i o n  t o  th e  s ta ndard  s u b c u l t u r e  te c h n iq u e s ,  la rg e  volumes o f  cel  Is 
were required fo r  the suspended c e l l  plaque assay (see section C i i i ) .  These 
were prepared  in r o l 1 e r  b o t t l e s  which were custom made from pyrex  b o r a t e  
s i l i c a  g la s s  (28 cm long x 10 cm d i a m e t e r ) .  P e r i o d i c a l l y  ( a p p r o x i m a t e l y  
a f t e r  2 months of  use) t h e  b o t t l e s  were s p e c ia l  I y t r e a t e d  t o  r e s t o r e  t h e i r  
capacity  to  support good c e l l  growth. The b o t t le s  were f i r s t  soaked in a 2% 
(w/v)  so lu t ion  of caust ic  soda, washed in tap water and then t re a ted  by the  
normal washing r o u t i n e .  A l l  b o t t l e s  were soaked o v e r n i g h t  in a 2% ( v / v )  
s o l u t i o n  of  Labdet 200 (DW S c i e n t i f i c ) ,  r  i nsed thorough I y in hot  ta p  w a t e r  
fo l l o w e d  by 3 washings in d i s t i l l e d  w a t e r .  F i n a l l y  th e  r o l l e r  b o t t le s ,  
containing a small volume of d i s t i l l e d  water,  were autoclaved a t  15 lbs per  
square inch fo r  15 min a f t e r  which the water was discarded.
For c e l l  c u l t i v a t i o n  BGM c e l l s  were passaged I to  5 as before  and 150 ml of  
c e l l  suspension (10^ c e l l s  ml“ ^) used to  seed each b o t t le .  The b o t t le s  were 
r o t a t e d  s l o w l y  on a r o l l e r  appara tus  (Luckham Ltd ) in a 37°C w a lk  in 
incubator.  A f t e r  3 t o  4 days the  medium was changed t o  maintenance medium.
B. Viruses
a) Enteroviruses
P o l i o  1 LSc-2ab (Sabi n) and I a b o r a t o r y  i sol a te s  o f  Coxsacki  e B5 and echo 1 
were provided by Dr. J. Slade. Washed and drained monolayers of  BGM c e l l s  in 
80 cm^ f lasks  were inoculated with  0.1 ml of v i rus  and incubated fo r  45 min 
a t  37°C. The inoculum was removed and t h e  c u l t u r e  r e f e d  w i t h  m a in te n a n c e  
medi um. Cel I s were  observed d a i l y  f o r  c y t o p a t h  ic  e f f e c t  (C.P.E.) and when 
50% of th e  c e l l s  were  i n f e c t e d ,  c e l l  l y s a t e s  were s to r e d  a t  - 2 0 ° C .  S tock  
c u l t u r e s  of  v i r u s  were  prepared  from cel  I l y s a t e s  by f r e e z e - t h a w i n g  t h r e e  
t im e s  ( - 2 0 ° C ,  +20°C) t o  r e l e a s e  v i r u s .  The ce l  I d e b r i s  was removed by low 
speed c e n t r i f u g a t i o n  and th e  c l a r i f i e d  v i r u s  suspension s t o r e d  in 2  ml 
volumes a t  -20®C.
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b) Rotavirus
The source of the ro ta v i ru s  iso la tes  is shown in Table 2.1. C a l f  and simian  
r o t a v i r u s  were adapted t o  MA-104 c e l l s  by passaging f o u r  t i m e s  in MA-104 
c e l l s  on serum f re e  medium containing 7.5 pg ml”  ^ t ry p s in .  SA-11 was p u r i f i e d  
by plaque p u r i f i c a t io n .  An individua l  plaque was *picked off *  and inoculated  
in to  a tube c u l tu re  of c e l l s .  The infected c e l l  lysate  was c l a r i f i e d  and the  
v i r u s  suspens ion used f o r  a n o th e r  p laque  assay.  The p laque  p u r i f i c a t i o n  
procedure was repeated once again. The is o la te  was used fo r  stock c u l tu re s  
and both simian and c a l f  ro ta v i ru s  were stored in 2 ml volumes a t  -20^C.
Human ro ta v i ru s  in the stool preparat ion was d i lu te d  up t o  I ml w ith  PBS and 
stored in 0.1 ml amounts a t  -190°C.
TABLE Zm
Virus Or ig ina l  Sample Obtained from
C a l f  ro ta v i ru s  
(CRV)
Passaged in LLC-MK2  c e l l s  
T i t r e  10^ f luorescent  
foci ml " 1
D r .T .F Ie w e t t  
Bi rmingham
Simian Rotavirus Passaged tw ice in
(SA-11) BSC-1 c e l l s
Dr.  M. Estes,
Baylor  Co l lege,  Texas,  
USA.
Human Rotavirus Centri fuged and
(HR.) p u r i f i e d  stool  preparat ions
G ui ld ford  P u b l ic  Health  
Laborator ies
c. yiQ is assay.
All  viruses were d i lu te d  in serum f re e  maintenance medium of the  type used 
fo r  the c u l t i v a t i o n  of  the appropr iate  c e l l  type.
I n f e c t i v i t y  was assayed by a) the m i c r o t i t r e  method b) the  plaque assay or
c) in d i r e c t  immunofluorescence.
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a) M i c r o t i t r e  Assay
Tests were performed in t issue  grade m i c r o t i t r e  p la tes  (Flow Laborator ies)
5
and each well  was seeded wi th  1 0 0  pi of c e l l  suspension, conta in ing 5  x 1 0  
BGM c e l l s  ml"1 in g r o w t h  medium s u p p le m e n t e d  by t w i c e  t h e  normal  
c o n c e n t r a t i o n  of  serum# Ten f o l d  d i l u t i o n s  o f  v i r u s  were p re p a re d  and an 
equal volume of v i r u s  d i l u t i o n  ( 1 0 0  p i) s u b s e q u e n t ly a d d e d  t o  each w e l l .  
Eight  re p l i c a t e s  of  each d i l u t i o n  were tested and uninfected c e l l  c o n t ro ls  
were a ls o  s e t  up. P l a t e s  were  s ea led  w i t h  an a c e t a t e  a d h e s iv e  c o v e r  and 
were incubated  in 5% CO2  i n ai  r  a t  37°C. The deve lopment  o f  C.P.E. was 
recorded a f t e r  48 and 72 h and i n f e c t i v i t y  t i t r e s  were  c a l c u l a t e d  by t h e  
Karber  e q u a t io n .  R e s u l t s  were expressed as 50% t i s s u e  c u l t u r e  i n f e c t i v e  
doses per ml (TCID^q ml“ b
b) Plaque assay using monolayers M  G&l..j.s 
Enteroviruses
Double strength agar was melted and then double strength BGM o v e r la y e r  medium 
was prepared  and both were  m a in t a in e d  a t  43°C. Washed m o n o laye rs  o f  BGM 
c e l l s ,  grown in 25 cm^ f lasks ,  were inoculated with  0.1 ml of t e s t  v i ru s  and 
incubated fo r  45 min a t  37°C. A f t e r  incubation the v i ru s  inoculum f l u i d  was 
removed. Six ml of  over layer  medium (equal volume of medium and agar mixed) 
was dispensed into  the f la s k  and was al lowed to  cool before i t  was perm it ted  
t o  cover  t h e  c e l l  shee t .  When t h e  agar  was s o l i d i f i e d ,  t h e  f l a s k s  were  
inverted and incubated a t  37°C in the dark fo r  3 days. Plaques were counted 
and t i t r e s  expressed as pfu ml“ ^.
Rota y lrus
MA-104 c e l l s  grown in 25 cm^ f l a s k s  were in o c u la t e d  w i t h  0.1 ml o f  t e s t  
v i r u s .  Equal volumes o f  double  s t r e n g t h  MA-104 o v e r l a y e r  medium and a g ar ,  
with  the add i t ion  of DEAE dextran and e i t h e r  t ry p s in  or pancreatin  (see t e x t  
fo r  concentrat ions) were mixed together  and kept a t  43°C. An agar ov er la ye r  
was a p p l i e d  and f  I asks were  i ncu bated in t h e  dark  a t  37°C  f o r  5 days.  A f t e r  
t h i s  t ime,  plaques were counted and the t i t r e  expressed as pfu ml“ .^
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Piaque assay using suspended c e l l s
The suspended c e l l  plaque assay was based on the method developed by Cooper 
(1955 ,  1961) and l a t e r  m o d i f i e d  f o r  use w i t h  w a t e r  samples by S lade  ( 1 9 7 8 ) .  
F iv e  t o  6  day o ld  BGM c e l l s  on r o l l e r  b o t t  I es were d i spersed w i t h  v e rse n e  
and t r y p s i n .  The suspe nded  c e l l s  w e r e  c o n c e n t r a t e d  by low s peed  
c e n t r i f u g a t io n  and c e l l s  counted in a haernocytometer. The c e l l  concentrat ion  
was a d ju s t e d  t o  1.2 x 10^ c e l l s  m l”  ^ in s i n g l e  s t r e n g t h  199 med i um. Ten ml 
of c e l l s  were mixed with  40 ml of over layer  medium, kept a t  43°C, and 0.2 t o
3 . 5  ml of concentrate was added depending on the c l a r i t y  of  the concentrate.  
The to ta l  volume was poured in to  a t r i p l e  vented 14 cm p e t r i  dish ( S t e r i l i n  
b a cter ia l  grade) and when the medium was set ,  the p la tes  were inverted and 
incubated a t  37^C in 5% CO2  in a i r .  Plaques were counted from the  second day 
onwards and re s u l ts  were expressed as pfu per l i t r e  of o r ig in a l  sample, (pfu  
l ~ 1 ) as wel l  as in r e la t i o n  to  the dry weight of t h a t  sample (pfu g*"^).
c) Detect ion ro tav i ru s  h x  i n d i re c t  immunofluorescence (Banatvala  M  a l . ,  
1975)
Conf luent c e l l s  in an 8  wel l  mult i  dish were washed with  PBS and each wel l  was 
incculated w i th  0.1 ml of t e s t  sample. A f t e r  a 10 min adsorption period a t
37°C, each well  received 3 ml of serum f r e e  medium conta in ing 7.5 jUg ml”  ^ of
tryps in .  The p la tes  were secured t o  a m i c r o t i t r e  c a r r i e r  and cen t r i fu g ed  a t  
300 G f o r  90 min a t  25°C CMSE,Cool s p in ) .  The medium was d is c a r d e d  and t h e  
c e l l s  were c a r e f u l l y  washed w i t h  PBS b e f o r e  f r e s h  medium was added. The 
pla tes  were incubated fo r  a fu r th e r  24 h in 5% CO2  in a i r .
A f te r  24 h the c e l l s  were washed tw ic e  w i th  PBS and then f ixed  f o r  10 min in
cold in d us tr ia l  methylated s p i r i t s .  The c e l l  sheet was a i r  dr ied  and a t  t h i s  
stage p la tes  could be stored a t  4°C.
P r i o r  t o  t h e  i mmunof I uo re s c e n t  t e s t ,  ce l  Is were soaked f o r  10 min in PBS. 
Excess PBS was removed and a 1:40 d i l u t i o n  of c a l f  ro ta v i r u s  an t i  serum (G203 
bovine anti  serum to  bovine ro ta v i ru s .  Br idger and Wood, 1975) in PBS was-used 
to  cover the c e l l s  completely.  P lates  were incubated in a humid atmosphere 
fo r  I h a t  37°C. A f te r  incubation,  c e l l s  were v igorously  washed th r e e  t imes  
with  PBS and covered wi th a n t i - b o v i n e  imm unoglobu l in  ( r a b b i t )  f l u o r e s c e i n  
i s o th yo cy an a te  c o n ju g a te  (F ITC, Wei I come Reagents Ltd) ,  d i lu te d  1:40 in PBS. 
Plates  were incubated and washed as before.  The p la tes  were a i r  dr ied  a f t e r
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which they were examined immediately by u l t r a v i o l e t  l i g h t  to  detect foci of 
app le  green f l u o r e s c e n t  ce I Is ,  by the  use of  a L e i t z  o r th o m a t  m icroscope ,  
( e x c i t a b l e  f i I t e r  -B G I2 ;  b a r r i e r  f i I t e r  -K 5 3 0 ) .  The number o f  f l u o r e s c e n t  
f o c i  were counted f o r  30 v iew s  of th e  microscope.  A g r a t i c u l e  was used t o  
measure t h e  s u r fa c e  area  of  one view and t h e  r e s u l t s  c a l c u l a t e d  back t o  
equate with  the o r ig in a l  sample volume.
D. I s o la t io n  q±  v iruses
The i s o l a t i o n  o f  v i r u s e s  from th e  suspended c e l l  p laque  t e s t  p l a t e  was 
achieved by removing agar plugs from the outer  r im of indiv idual  plaques. Up 
t o  7 p lugs were  removed per p l a t e .  Each plug was t r a n s f e r r e d  t o  a t i s s u e  
c u l t u r e  tu b e  c o n t a i n in g  a 3 day o ld  c o n f l u e n t  BGM c e l l  c u l t u r e .  C u l t u r e s  
were observed d a i ly  fo r  the development of C.P.E. Cultures showing no C.P.E. 
a f t e r  I weeks incubation were subjected to  a 'b l in d  passage' by t r a n s f e r r i n g  
100 pi of c u l tu r e  f l u i d  in to  a new tube c u l t u r e  of c e l l s .  A second negat ive  
t e s t  indicated t h a t  the o r ig in a l  sample was negative fo r  in fe c t io u s  v i rus .  
All  p o s i t i v e  samples were passaged a second t im e  by inocula t ing 50 [jI of the  
suspected v i r u s  suspension i n t o  a f u r t h e r  t i s s u e  c u l t u r e  tu b e .  A f t e r  2 
passages the  in fect ious  f l u i d  was stored a t  -20°C to  a w a i t  i d e n t i f i c a t i o n  of  
the v i rus  by serum n e u tra l is a t io n .
E . Virus I d e n t i f i c a t i o n
a) I d e n t i f i c a t i o n  q±  v irus  iiy m i c r o t i t r e  n e u t ra l is a t io n
V i ru s  was i n i t i a l l y  screened f o r  th e  presence of p o l i o  1 2 and 3 and 
Coxsack ie  B I - 6 . C e l l s  h a rv e s te d  from a 80 cm^ f l a s k  were  a d j u s t e d  t o  a 
concentrat ion of  5 x 10^ BGM c e l l s  ml”  ^ in growth medium conta in ing  1.5 t imes  
the normal concentrat ion of  serum. Virus iso la tes  were d i lu te d  1,000 fo ld  in 
d i lu en t .  The an t ise ra  (M icrob io log ica l  Associates) were prepared fo r  use as 
a 1:20 d i l u t i o n  in v i rus  d i lu e n t  and stored a t  4°C. A 100 jjI volume of c e l l s  
was added t o  each well  in a m i c r o t i t r e  p la te  and 25 pi of  t e s t  antiserum and 
t e s t  v i ru s  placed in the v e r t ic a l  and hor izonta l  rows re s p e c t iv e ly .  The end 
th ree  v e r t ic a l  columns consisted f i r s t l y  of  an antiserum contro l  ( v i r u s  and 
normal r a b b i t  antiserum); a v i rus  control  (v i ru s  and d i lu e n t ) ;  and l a s t l y  a 
c e l l  control  (2 volumes of d i lu e n t ) .  P la tes  were sealed and incubated in 5% 
CO^  in a i r  and read from the second day onwards. A v i rus  was i d e n t i f i e d  when 
i t  f a i l e d  to  show C.P.E. w ith one p a r t i c u l a r  anti  serum, due to  n e u t r a l i s a t i o n
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of i t s  i n f e c t i v i t y .  Those iso la tes  not i d e n t i f i e d  but which produced C.P.E. 
In a l l  w e l ls  except the ce l l  con tro l ,  were fu r th e r  screened fo r  echoviruses.  
Where C.P.E. was produced in only a few wel ls  the t e s t  was repeated a t  a ten  
fo ld  lower v irus  concentrat ion.  I f  the v i ru s  was s t i l l  not i d e n t i f i e d  i t  was 
passaged a t h i r d  t i m e  through c e l l s  and t h e  I d e n t i f i c a t i o n  p rocedu re  
repeated.
Ten pooled ec h o v i ru s  a n t i  sera  were s u p p l ie d  by G u i ld f o r d  P u b l i c  H e a l t h  
Laboratories  and the n e u t r a l is a t io n  t e s t  was repeated fo r  those untyped v i ru s  
suspected of being echoviruses.  I d e n t i f i c a t i o n  was worked out in accordance 
with  the ant i  serum p o d s  (Appendix le),
b) Characte r isa t ion  q±  po l io v i ru s  iso la tes
Test fo r  rep! i c a t  ion a t  supraoptimai temperatures (Nakano s i  s i . ,  1978)
Pol iov irus  iso la tes  were d i lu te d  in a ten fo ld  ser ies  to  I0“ ®. Each wel l  of  
a m i c r o t i t r e  p la te  received 125 pI of c e l l  suspension (5x 10^ BGM c e l l s  ml” b  
in growth medium and 25 pi of v i rus  d i l u t i o n .  Three re p l i c a t e s  of  each v i ru s  
d i l u t i o n  were tested.  M i c r o t i t r e  p la tes  were prepared in d u p l ica te ,  one of  
which was incubated  a t  th e  o p t im a l  t e m p e r a t u r e  of  3 6 .5 ‘^ C and t h e  o t h e r  a t  
4 0 .5 °C. A f t e r  f i v e  days i n c u b a t io n  t h e  p l a t e s  were examined f o r  C.P.E. and 
t h e  i s o l a t e s  c h a r a c t e r i s e d  acc o rd in g  t o  t h e i r  r e p r o d u c t i v e  c a p a c i t y  a t  
supraoptimai temperatures (RCT).
RCT -  4 log^Q d i f fe re n c e  in the  t i t r e  between v i rus  incubated a t  36 .5°C
and 40.5°C
RCT ±  2 log^Q but <C 4 log^g d i f fe re n c e
RCT + 2 log^o d i f fe re n ce
Test i s £  delayed growth s i  s  s t r a in  I n  medium conta in ing js m  b icarbonate
(d t e s t ;  Hsuing and Mel nick,  1958)
Monolayers of BGM c e l l s  grown in 25 cm^ f lasks  were inoculated in d u p l ic a te  
w i t h  0.1 ml o f  a 10"^ d i l u t i o n  o f  t e s t  v i r u s .  A f t e r  a 45 min a d s o r p t i o n
period,  the inoculum was removed and replaced by an agar over layer  conta in ing
low (0.11% [ w / v ] )  or  high (0.45% [ w / v ] )  c o n c e n t r a t i o n s  of  b i c a r b o n a t e .
Flasks were inverted and incubated a t  37°C fo r  th re e  days, a f t e r  which t im e
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they were observed fo r  plaque formation.  Stra ins  were designated a ttenuated  
i f  p laque f o r m a t i o n  was r e s t r i c t e d  or de layed in the  low c o n c e n t r a t i o n  of  
bicarbonate,  whereas the presence of a v i r u l e n t  s t ra in  was indicated by the  
a b i l i t y  of the v i rus  to  plaque equal ly  wel l  in low or high concentrat ions  of
sodium bicarbonate.
c) EI ectron M.iccoscQpy
C o p p e rg r id s ,  200 mesh,(Agar a id s )  were coated  w i t h  a t h i n  f i l m  of  f o r m v a r  
(Agar a id s ) .  T h is  was ach ieved  by d ip p in g  a c le a n  s l i d e  i n t o  a 0.3% ( w / v )  
s o l u t i o n  o f  fo rm v a r  in c h l o r o f o r m ,  and e v a p o r a t in g  t o  dryness .  The t h i n  
fo rm v a r  l a y e r  was c u t  i n t o  postage  stamp s i z e s  w i t h  a diamond pen, and th e  
squares c a r e f u l l y  f l o a t e d  o f f  on t o  t h e  s u r f a c e  of  du s t  f r e e  c o ld  w a t e r .  
Grids were placed shiny side up onto one panel , and the whole panel removed 
by skimming t h e  s u r f a c e  w i t h  a p ie ce  of  f i l t e r  paper.  The g r i d s  were  a i r  
d r ie d  f o r  24 h b e f o r e  they  were  coated  w i t h  a t h i n  l a y e r  o f  carbon in an 
Edward's carbon coater.
Virus concentrates were prepared by c en t r i fu g in g  samples a t  132,500 G a t  4°C  
(Beckman U l t ra c e n t r i f u g e ) .  The supernatant was removed and the tubes a l lowed  
t o  d r a in  f o r  2 h a t  room te m p e r a t u r e .  The pel l e t  was resuspended in 0.2  ml 
of d i s t i l l e d  water.
A 5 (j| volume of v i rus  concentrate was placed on top of  a g r id  and a I lowed t o  
s e t t l e  f o r  10 m in .  An e q u a l  v o lu m e  o f  s t a i n ,  3% ( w / v )  p o t a s s i u m  
phosphotungstic acid (BDH) adjusted to  pH 6 . 8  with  I M potassium hydroxide,  
was mixed wi th  the v i ru s  and l e f t  fo r  about 30 sec. Excess f l u i d  was removed 
by a p ie ce  of  f i l t e r  paper and t h e  g r i d  a i r - d r i e d .  Specimens w ere  v ie w ed  
using a Jeol  Jem, lOOB t r a n s m is s io n  e l e c t r o n  m icroscope  o p e r a t i n g  a t  an 
acce le ra t ing  vol tage between 80 and 100 KV.
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I I I SEWAGE SLUDGE SAMPLES
A. Suspgnd&d a o i ld a
E i th e r  10 ml or an equ iva lent  wet weight of sludge was evaporated to  dryness 
a t  60°C overnight.  Suspended so l ids  were expressed as grams of dry s o l id  per  
I i t r e  ( g l ~ 1 ) .
B. Sampling
Sludge samples of  500 ml were e i t h e r  s ing le  dip or blended samples. A blend 
sample consisted of  a mixture  of dip samples taken over a 24 or 48 h period.
Samples from P l a n t  G were  taken  a t  t h e  b e g in n in g  of  each month and a t  t h e  
same t i m e  o f  day,  .11.00 a.m. F iv e  l i t r e  d ip  samples o f  p r im a r y  s e t t l e d  
sewage and a c t i v a t e d  s ludge e f f l u e n t  and 100 ml samples o f  a 24 h b lend  o f  
raw s ludge  and s i n g l e  d ip  samples o f  a c t i v a t e d  s lu dge  were c o l l e c t e d .  
Samples were processed in the  laboratory some 15 min a f t e r  c o l le c t io n .
C. Transportat ion M  samples (other  than P lan t  G)
All  l iqu id  sludge samples were t rea ted  wi th  a few ml of  chloroform t o  i n h i b i t  
the growth of  bac te r ia  and fungi during t ran sp o r ta t io n .  Samples were placed 
in p l a s t i c  b o t t I  es and t r a n s p o r t e d  by r a i l  in insu I a t e d  p o l y s t y r e n e  boxes  
with  ice packs. Samples were maintained a t  about 7°C u n t i l  d e l iv e r y  t o  the  
l a b o r a t o r y  6  -  7 h l a t e r .  Samples were  e i t h e r  processed i m m e d i a t e l y  on 
a r r iv a l  or stored overnight a t  4°C.
D, Sewage treatment works aiKi samples 
a) Pla n t A
A f low diagram representing the t rea tm ent  of sewage sludge from t h i s  works 
and th e  samples in c lu d e d  in th e  survey  is shown in F ig  2 .1 .  P l a n t  A is  an 
urban t rea tm ent  p la n t  deal ing with  domestic and in d u s t r ia l  waste (Table 2.2) .  
Raw sludge is b i o l o g i c a l l y  t re a ted  by d igest ion and subsequent c o n so l ida t ion  
w h i ls t  primary s e t t le d  sewage is t re a ted  by the  ac t iva te d  sludge process. In 
addi t ion  t o  anaerobic mesophil ic d igest ion  the p lan t  operates an experimental
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aerobic th erm oph i l ic  p i l o t  d igester .  Consolidated sludge Is e i t h e r  applied  
d i r e c t l y  t o  land or chemical ly  dewatered by
i) the add i t ion  of aluminium chIcrohydrate  (1.5 kg AI2 O3  per tonne of sludge)  
before vacuum f i l t r a t i o n .
or
i i )  the add i t ion  of  a p o ly e le c t r o ly te  ( 1 g Zetag 43 per kg of sludge) be fore  
f i l t e r  p la te  pressing.
Surp lus  a c t i v a t e d  s ludge is  c o n d i t io n e d  w i t h  th e  a d d i t i o n  of  2 g of  
p o l y e l e c t r o l y t e ,  Ze ta g  92,  per kg dry w e ig h t  of  sol ids and consol i da ted  by 
c e n t r i f u g a t i o n .  The r a t e s  of  s ludge d isposa l  t o  land f o r  c o n s o l i d a t e d  
d ig e s t e d  and s u r p lu s  a c t i v a t e d  s ludges  a re  3.85 and 3.04  tonnes per  day 
re s p e c t iv e ly .
b) P lan t  B iE ia  2 ^
P l a n t  B is a l a rg e  urban t r e a t m e n t  p l a n t  s i t u a t e d  in O u te r  London which  
t r e a t s  i t s  s ludge  and w a s t e w a t e r  in a s i m i l a r  way t o  P l a n t  A. S u r p lu s  
act iv a ted  sludge is chemica l ly  t rea ted  by the add i t ion  of  I g Zetag 92 per kg 
of dry so l ids  before c e n t r i f u g a t i o n .  C o n s o l id a te d  a c t i v a t e d  s lu dge  is  not  
disposed of t o  land but  is  fed i n t o  t h e  a n a e ro b ic  d i g e s t e r  f o r  f u r t h e r  
t rea tment ,  consolidated and then disposed of t o  land.
c) P lan t  C (FJg 2 .3 )
P l a n t  C is t h e  l a r g e s t  t r e a t m e n t  p l a n t  t o  be inc luded  in t h e  survey  (mean 
f low r a t e  450,000 m^d”  ^ serving a populat ion equ iva lent  of  1,500,000,  Table  
2.2).  Anaerobic digest ion of  raw sludge was the  only t re a tm en t  process t o  be 
included in the survey.
d) Elan.t Ù i U ü
T r i c k l i n g  f i l t e r s  a r e  g e n e r a l l y  used f o r  t h e  b i o l o g i c a l  t r e a t m e n t  of  
wastewater in smal ler  rura l  t rea tm ent  plants  and the waste sludge,  known as 
humus, is  mixed w i t h  t h e  raw s lu dge.  P l a n t  D, t h e  s m a l l e s t  p l a n t  t o  be 
included in the survey, c o l l e c t s  raw and humus sludge from ten local  sewage 
works, although 40% of the to t a l  raw sludge t re a ted  is from P la n t  D i t s e l f .  
The s ludge  is  c h e m i c a l l y  c o n d i t io n e d  by I i m e / c o p e r a s .  I n i t i a l l y  l i m e  is
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prepared as a s lu r ry  (26% Lw/w] Ca(0 H) 2  per dry weight of sludge) and t h i s  is 
added t o  a s o l u t i o n  of  coper  as (15% [ v / w ]  Fe2 S0 4  per dry w e ig h t  o f  s o l i d ) .  
The m i x t u r e  is  a I lowed t o  r e a c t  w i t h  t h e  raw s ludge f o r  30 min b e f o r e  th e  
sludge is  f  i I t e r  p l a t e  pressed t o  form a cake.  The cake is  s t o r e d  f o r  6 -1 2  
months to  decompose and is then disposed of to  land. Sludge is processed a t  
t h e  r a t e  o f  1.5 tonnes of  dry sol id per day.
e) P lan t  E S l l a  Z x l l
P lan t  E is a small sewage works serving a small town. Raw and humus sludge 
is chemical ly  conditioned by the addi t ion  of a p o ly e le c t r o ly t e ,  Zetag 92y (
4.5 g per kg dry s o l i d s )  and dewatered  by c e n t r i f u g a t i o n .  The s lu dge  y i e l d  
per day i s 4.6 tonnes of  dry sol i ds.
f)  E lâiri £ .(£ig^
This sewage works is s i tua ted  in the Swindon area and the waste raw and humus 
sludge is chemical ly  condit ioned by a p o ly e le c t r o ly t e  and dewatered by f i l t e r  
p re ss in g .  The p o l y e l e c t r o l y t e ,  Zetag 94,  is d i l u t e d  t o  a 2.5% ( v / v )  
solution ,  although only 12.5% of the so lut ion  contains a c t iv e  product.  The 
f i n a l  dose r a t e  is c a l c u l a t e d  t o  g iv e  0 . 6 % (v /w )  o f  a c t i v e  p ro d u c t  per  dry  
weight of sol ids.
g) P lan! B L £ la  2 i A l
This p lant  receives mainly domestic waste. One t h i r d  of the t o t a l  wastewater  
is t rea ted  by t r i c k l i n g  f i l t e r s  and the r e s t  is d iver ted  t o  a c t iv a te d  sludge 
tanks .  Raw and s u r p lu s  a c t i v a t e d  s ludges  a re  both f i l t e r  pressed and t h e  
cakes stored fo r  I year before disposal to  land. Samples of  raw sludge (A), 
s e t t l e d  sewage (B) ,  a c t i v a t e d  s ludge (C) and a c t i v a t e d  s lu dge  e f f l u e n t  (D) 
were each ta ken  from spec i f i c  samp I i  ng pci  nts ( A t o  D r e s p e c t  i v e l y  on F ig  
2 .4 ,  a ls o  see P l a t e s  1.1 t o  1 .4 ) .  F ig u r e s  f o r  t h e  suspended sol  ids c o n t e n t s  
of s e t t l e d  sewage and e f f l u e n t  were k i n d l y  s u p p l ie d  by P l a n t  G sewage  
treatm ent laborato ries .
Occasional samples of raw and digested sludges were obtained from th re e  other  
works ( P l a n t s  H, J, and K),  but th e s e  were not in c lu d e d  in th e  g e n e ra l  
routine  survey of sewage t reatm ent plants.
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TABLE 2^2 Operational  Paramètres
Sewage Treatment Mean Flow Populat ion % Industr ia l
P lant  (m^d” ^) equ iva lent  input
P lan t  C 450,000 1,500,000 15
P lan t  B 154,000 620,000 17
P lant  A 40,000 150,000 16
P lan t  F 37,000 130,000 10
P lant  G 31,000 89,000 2
P lan t  E 15,000 67,000 9
P lan t  D 5 ,000  27,000 1
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£jUi 2jJL E-Lgw diagram M  sludge treatment M  P lan t A
Raw Sewage
Raw sludge pH 5 .5
so l ids  4.2%
V
Aerobic the rm oph i l ic  d igest ion  
pH 6.3  (5 days, 50°C)  
sol ids 2.4%
Anaerobic mesophilic d igest ion  
pH 7 .0  (30-35 days 33-35°c )  
sol ids 2 . 6 %
Nk
Consol idât on pH 7 .3  
(30-40 days, ambient temperature)  
so l ids  7.2%
Dewatering 
a) Vacuum f i l t r a t i o n
(Aluminium chlorohydraT  
sol ids 2 0 %
\ y
b) F i l t e r  pressing 
(Zetag 43)
so l ids  37.5%
Primary s e t t l e d  sewage (^)
Surplus a c t iv a te d  sludge pH 7.3 
s o l id s  0 . 6 %
Consolidation pH 6 .4  
(Zetag 92, c e n t r i f u g a t io n  
l -5days,  ambient temperature)  
so l i  ds 3.3%
LAND DISPOSAL
(a) Samples not included in the survey
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F ig .  2 . 2 .  Flow diagram q±  sludge t reatm ent P lant  h
Raw sludge pH 5.5
sol Ids 3.0%
Consol I d a t i o n  pH 5.5 
(24 h, ambient temperature)  
sol Ids 5.3%
Anaerobic mesophil ic d igest ion  
pH 7 .2  (30-35 days 3 0 % )  
sol Ids 2.5%
Raw Sewage
Primary s e t t
Consolidation pH 7 .4  
(30-40 days, ambient temperature)  
sol Ids 2.4%
ed sewage
\k
Surplus a c t iv a te d  sludge pH 7.0
s o l ids  1.3%
Consolidat ion pH 7 .0  
(Zetag 92,  c e n t r i f u g a t io n )
sol Ids 4 . 0 %
LAND DISPOSAL
( a )  S am p les  n o t  in c lu d e d  i n  th e  s u r v e y .
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£ l s  2 x i  Flow diagram q±  wastewater m û  s ludge treatment a ±  P la n t  Q
(a )  Raw sewage, (66.7% Input)
PI a te  1 . 1
(A) Raw s l u ^ e  pH 6.1 
sol Ids 3.0%
FI I t e r  press
(a)  Cake
( I  year ambient 
temperature)
Primary s e t t l i n g  tanks  
P la te  1.2
(B) S e t t l e d  sewage pH 7.2  
sol Ids .001%
Surplus ac t iva te d
sludge
Mixed I Iquor  aera t ion  
tanks. P la te  1.3
(C) Activated  sludge pH 7 .0  
sol Ids 0.3%
Returned act iva ted  
sludge
Final  s e t t l i n g  tanks  
P la te  1.4
(D) A c t i v a t e d  sludge  
e f f l u e n t  pH 7 .4
sol Ids . 0 0 0 1 %
(a) Samples not Included In the survey
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IV RECOVERY QL VIRUSES EBDM SEMEE SLÜDEE
A. E.liit i.Q.n Q i .v-lriis^ s Im n  ■SQ.i.lds
a) Seedî ng Experiments;
Method 1  (Hurst M  M . ,  1978)
Stock cu l tu res  of v iruses were subjected to  u l t raso n ic  t re a tm e n t  fo r  30 sec 
a t  12 Jjm peak t o  peak a m p l i t u d e  (MSE 150 W att  D i s i n t e g r a t o r )  b e f o r e  
Inocu la t ion  In to  40 ml of deionized water (approximately  10^ TCID^q ml“ ^ .^ 
The so l ids  from an appropr ia te  volume of sewage sludge to  g ive  approximate ly  
20 g w e t  w e i g h t  were  s ep a ra te d  from th e  I Iq u ld  phase by c e n t r i f u g a t i o n  a t  
23,000 G fo r  20 min and homogenised In seeded deionized water.  The s lu r r y  was 
shaken f o r  20 min t o  a l l o w  f o r  v i r u s  a d s o r p t io n .  The s o l i d s  were  ag a in  
separated from the l iq u id  phase as described above. The percentage of  v i r u s  
unadsorbed was c a l c u l a t e d  by s u b t r a c t i n g  t h e  number of  v i r u s e s  In t h e  
supernatent from the o r ig in a l  t i t r e  of  v i ru s  In the water.
The r e s u l t a n t  so l ids  were homogenised In 40 ml of e lu ent  and t r e a te d  In one 
of three  ways:-
a) a t  ambient pH wi th u l t rason I  cat ion.
b) a t  pH 9 wi th u I trason I  cat Ion
c) a t  pH 10.
Ultrason I cat ion  was performed In a K e l ly  sonic water bath fo r  30 min. A f t e r  
e l u t i o n  of  t h e  v i r u s e s  th e  pH was a d ju s t e d  t o  pH7, t h e  s o l i d s  removed by 
c e n t r i f u g a t i o n  and t h e  s u p e r n a te n t  assayed f o r  th e  p e rc e n ta g e  removal of  
v irus  from the sol ids .  Al l  samples were assayed by the m icro t i  t r e  method.
Method 2 (Glass ^  M . , 1978)
A 20-100 ml sample of fresh sludge was seeded w i th  approximately 5 x 10^ of 
the t e s t  v i ru s  and l e f t  fo r  e i t h e r  6 h or overnight a t  4°C t o  a l low fo r  v i ru s  
a d s o r p t io n .  Seeded s ludges  were c e n t r i f u g e d  a t  2 3 ,0 0 0  G f o r  20 min and t h e  
supernatent assayed for  unadsorbed v irus .  The o r ig in a l  t i t r e  of the Inoculum 
was used t o  e s t i m a t e  th e  expected v i r u s  t i t r e  In t h e  system and t h e  v a lu e  
used In subsequent c a lc u la t ions .  The sludge so l id s  were homogenised In 200
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ml of t e s t  e luent  and vigorously  shaken fo r  30 min a t  20°C, a t  pH 4,  ambient  
pH or pH 10. Again th e  s o l i d s  were s e p a ra te d  by c e n t r i f u g a t i o n  and t h e  
supernatent assayed fo r  e lu ted v irus .
b) Natura l  v i rus  Isolation
A 20 -  40 ml sample of  sewage s ludge was ta k e n  depending on t h e  suspended  
sol I ds c o n t e n t  o f  t h e  samp le .  T h is  was made up t o  200 ml w i t h  el uent  and 
shaken a t  a m b ie n t  pH f o r  30 min a t  20^C. The e l u e n t  was col  l e c t e d  a f t e r  
c e n t r i f u g a t io n  and the so l ids  discarded.
C e n t r â t e s  and f I  I t r a t e s  from PI a n t  A, o b ta ln e d  from t h e  c e n t r I f u g a t l o n  o f  
surplus a c t iv a te d  sludge and f i l t e r  pressing of consolidated digested sludge  
r e s p e c t i v e l y ,  were  occa s io n a l  I y processed f o r  th e  I s o l a t i o n  o f  Ind igenous  
virus .  Up to  500 ml of sample was taken and e luent  added to  g ive  the c o r re c t  
f in a l  concentrat ion.  Fol lowing e lu t io n ,  the sample was cen tr i fuged  a t  5,010  
G f o r  I h and the e luent c o l le c ted .
EIuents The eluents:  3% (w/v)  Lab Lemco (beef e x t r a c t  -  Oxoid), 1% (w/v)  skim 
m i l k  (O x o id ) ,  10% ( v / v )  newborn c a l f  serum o r  f o e t a l  c a l f  serum ( G lb c o -  
B l o c u l t ) ;  0.1% ( w /v )  sodium dodecy I s u l p h a t e  (BDH) and 0.001% ( w / v ) )  Ze ta g  
92 (a c a t i o n i c  p o l y a c r y la m i d e  -  A l l i e d  C o l l o i d s  L td . ,  B r a d f o r d ) ,  were  
prepared In d i s t i l l e d  water or added d i r e c t l y  to  the  sludge samples t o  give  
the c o r re c t  f i n a l  concentrat ion.
B. Concentrat ion M  eluents
a) Hydroextraction
A length of d ia ly s is  tubing (VIskIng Tubing, Medlce l I  I n t e r n a t io n a l ,  2.8 cm 
d i a m e t e r )  was f i r s t  soaked In 2% ( v / v )  g l y c e r i n e  t o  m i n i m is e  t h e  r i s k  o f  
v i r u s  a d s o r p t io n  t o  t h e  s id es  of  th e  tu b in g .  The tu b in g  was s e a le d  by 
knott ing a t  one end and 200 ml of e luent placed In the d ia ly s is  bag which was 
th en  put i n t o  a l a rg e  beaker  c o n t a i n in g  p o l y e t h y l e n e  g ly c o l  6 , 0 0 0 ,  Peg 60 
(BDH). This was l e f t  fo r  a t  least  12 h a t  4°C to  al low the I n i t i a l  volume t o  
reduce to  about 30 ml.
Lyphogel, a polyacrylamide hydrogel (Whitby and Rogers, I960; Gel man Hawksley 
Ltd),  was also used In a second step concentrat ion technique.  Lyphogel was
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s t e r i l i s e d  a t  100°C fo r  3 h and I g added per 5 ml of concentrate.  This was 
l e f t  f o r  4 h a t  room t e m p e r a t u r e  t o  a I low th e  I n i t i a l  volume t o  reduce t o  
about 2 0 0  I .
b) Organic f lo c c u la t io n  h x  acid p r e c i p i t a t i o n  (Katzenelson q±  a l . ,  1976)
Beef e x t r a c t  or skim m i lk  e luents were concentrated by t h i s  method. The pH 
of  th e  e l u e n t  was a d ju s t e d  t o  t h e  r e s p e c t i v e  I s o e l e c t r i c  p o i n t s  o f  beef  
e x t r a c t  (pH 3 .5 )  and c a e s in  In skim m i l k  (pH 4 .5 ) ,  by t h e  a d d i t i o n  o f  2 M 
HCI. The v i s i b l e  f lo e  which formed was centr i fuged  a t  23,000 G and dissolved  
In 5 ml o f  0.15 M Na^HPO^, pH 9.0.  The r e s u l t a n t  pH o f  t h e  c o n c e n t r a t e  was 
between pH 7.0 t o  7 .2 .
.C>. Remo va I o i  c y t o t o x ic i t y
a) D ia ly s is
Eluents were placed In 2.8 cm diameter  d ia ly s is  tubing and d ia lysed against  
PBS In a l a r g e  beaker .  The PBS was s t i r r e d  o v e r n i g h t  a t  4 °C  and renewed  
tw ice  during the  experiment.
b) Che Ia t lon
Concentrates were t rea ted  w i th  an equal volume of d i th lzo n e  In chloroform.  
DI th lzone ( diphenyl thiocarbozone. Sigma) was prepared as a 800 mgl”  ^ stock  
so lu t ion  In chloroform and d i lu te d  10 fo ld  In chloroform fo r  use. Samples 
were mixed thoroughly and then centr i fuged  a t  30,000 G f o r  10 min. The upper 
aqueous l a y e r  was c a r e f u l l y  removed and exposed f o r  about I h a t  room 
t e m p e r a t u r e  under a f lo w  of s t e r i l e  a i r  t o  remove r e s i d u a l  c h l o r o f o r m .  
Samples were stored a t  - I 9 0 ° C  and assayed by the  suspended cel I technique.
During seeding experiments the e f f i c ie n c y  of  v i ru s  recovery was a lso  assessed 
f o r  each a d d i t i o n a l  s tep  a f t e r  t h e  e l u t i o n  procedure .  The t i t r e s  o f  v i r u s  
not adsorbed onto  th e  f l o e  In a c id  p r e c i p i t a t i o n  and v i r u s  In t h e  f i n a l  
concentrate were assayed and ca lcu la ted  fo r  percentage of v i ru s  recovered.
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D. P o l y e le c t r o ly t e  experiments
A stock  s o l u t i o n  o f  Ze tag  92,  a c a t i o n i c  p o l y e l e c t r o l y t e  was p repared  as a 
0,1% (w/v)  so lut ion .  Surplus act iv a ted  sludge from e i t h e r  P la n t  A or P la n t  B 
was measured In to  volumes ( to  contain 0.5 g dry wt of so l id s )  and seeded wi th  
approximately 2.5 x 10^ v i ru s  p a r t i c l e s .  The sample was then shaken fo r  45 
min a t  20°C  t o  al low f o r  v i r u s  a d s o r p t i o n .  A f t e r  t h i s  p e r i o d ,  a s e l e c t e d  
amount of  p o l y e l e c t r o l y t e  was added (see  t e x t )  and th e  s l u r r y  shaken f o r  a 
f u r t h e r  2 t o  3 min.  The s o l i d s  were s e p a ra te d  from t h e  l i q u i d  phase,  by 
al low ing  t h e  sol  Ids t o  s e t t l e  down f o r  30 min a t  room t e m p e r a t u r e .  V i r u s  
adsorbed t o  t h e  s o l i d s  was then  e l u t e d  w i t h  1% ( w / v )  skim m i l k .  The 
supernatents were assayed before and a f t e r  t h e  a d d i t i o n  of  p o l y e l e c t r o l y t e  
and a f t e r  t h e  e l u t i o n  s tag e  t o  d e t e c t  t h e  number of  v i r u s e s  r e c o v e re d .  Al I 
v i r a l  assays were performed by the plaque assay method using monolayers of  
BGM cel Is.
E. Treatment q±  samples i m D  £ lâ ü ±  £ .
a) E m  a M  act iva ted  sludge
Samples of  raw (20-50 ml) and a ct iva ted  sludge (100 ml) were separated In to  
s o l i d  and l i q u i d  f r a c t i o n s  by c e n t r  I f  u g a t l  on a t  23 ,0 0 0  G f o r  20 min.  The 
so l ids  were homogenised In 2 0 ml of 1% (w/v)  skim m i lk  and the  v i ru s  e lu ted  a t  
ambient pH and then concentrated by acid p r e c ip i t a t i o n ,  as described before.
To the  l iq u id  f r a c t io n  was added skim m i lk  t o  give  a f i n a l  concentrat ion of  
1% (v/ /v).  This was vigorously  shaken fo r  a few mIn and concentrated down t o  
3 ml by acid p r e c ip i t a t io n .  Al l  samples were detoxicated and decontaminated  
by d i th lzo n e  In chloroform.
b) Primary s e t t  Ied sewage m û  act iya tsd  sludge e f f l u e n t  
Method I
A 5 I sample of  a c t i v a t e d  s ludge e f f l u e n t  and a 3.3 I sample of  s e t t l e d  
sewage were separated Into l iqu id  and so l id  f ra c t io n s  by c e n t r i f u g a t io n  a t  
5 ,0 1 0  G f o r  I h a t  15°C. The so I Ids were resuspended In 5 ml of  1% ( w / v )
- 110 -
ski  m m i l k ,  v ig o r o u s l y  a s p i r a t e d  f o r  5 min w i th  a p i p e t t e ,  and t h e  el uent  
c o l le c ted  by c e n t r i f u g a t io n  a t  23,000 G fo r  15 min.
Skim m i lk ,  0.5% (w/v)  f in a l  concentrat ion,  was added t o  the  l iq u id  phase and 
the sample concentrated by acid p r e c ip i t a t io n .  The centr i fuged  f lo e  was r e -  
dlssolved In 30 ml of  0.15 M Na^HPO^ and t re a te d  w i th  d i th lzone .
Method 2 F i l t r a t i o n  (M orr is ,  R and Waite,  W.M, 1980a).
A 10 I sample of s e t t l e d  sewage and e f f l u e n t  was c l a r i f i e d  by c e n t r i f u g a t io n  
as b e fo r e .  The s u p e r n a t e n t  was c o n d i t io n e d  by th e  a d d i t i o n  o f  0.5 M 
AICI 3 6 H2 O so lu t ion  t o  g ive  a f in a l  Ion concentrat ion of 0.5 mM and t o  enhance 
v i r u s  a d s o r p t i  on t o  t h e  f  I I t e r .  The pH of  t h e  samp I e was I owered t o  pH 3.5 
with  2 M HCI and f i l t e r e d  through an epoxy-bound f i b r e  glass c a r t r id g e  f i l t e r  
( 8  jjm pore s i z e ,  B a ls t o n ,  ty p e  1 0 0 -1 2 -C  used In a ty p e  92 hous ing)  under  
p o s i t iv e  pressure derived from a nitrogen gas cy l inder .  The f i l t e r  was back 
f lushed three  t imes wi th  100 to  200 ml of  1% (w/v )  skim m i lk  pH 9.0 t o  e lu t e  
v i ru s  from the f i l t e r .  The pH of the f i l t r a t e  was re -ad justed  to  pH 7.4 and 
c o n c e n t r a te d  t o  5 ml by a c id  p r e c i p i t a t i o n .  The sample was t r e a t e d  w i t h  
d i t h l z o n e  and s to re d  a t  -  190°C b e f o r e  assay ing  w i t h  t h e  suspended c e l l  
technique.
F. Is o la t io n  M  ro ta v i ru s  (England. 1972)
Bovine serum albumin (Factor V, Sigma) was added to  samples ranging from 20 
ml t o  1 I o f  e i t h e r  raw s lu d g e ,  d ig e s t e d  s lu d g e ,  a c t i v a t e d  s lu d g e ,  s e t t l e d  
sewage or e f f l u e n t ,  t o  g ive  a f i n a l  concentrat ion of  0.25% (w/v)^ The pH of  
the  sample was adjusted t o  pH 1 3  to  7.8 wi th I M NaOH and the  samples placed 
on an o r b i t a l  shaker  f o r  30 min.  The s u p e r n a t e n t  was c o l l e c t e d  a f t e r  
c e n t r i f u g a t i o n  (2 3 ,0 0 0  G f o r  20 min) and 1% (w /v )  sa I m I ne ( p r o t a m i n e  
sulphate.  Sigma) added to  g ive  a f in a l  concentrat ion of  0.025%. The albumin 
complex which formed was kept In suspension by s t i r r i n g  fo r  30 min a t  20°C t o  
a l lo w  f o r  maximum v i r u s  a d s o r p t io n .  The complex was sed Im ented  by 
c en t r i fu g a t io n  as before,  and the  p e l l e t  dissolved In 5.0 ml of Na2 HP0 4 . The 
concentrate was t re a ted  wi th  an equal volume of d i th lzone  In chloroform and 
c e n t r i f u g e d  a t  4 9 ,0 00  G f o r  10 min. T h is  was f u r t h e r  c o n c e n t r a t e d  by 
c en t r i fu g a t io n  a t  60,000 G fo r  90 min. The cen t r i fu g e  tubes were a l lowed to  
d r a in  f o r  2 h and t h e  pel l e t  red I ssol ved In 0.2 ml of  PBS. Samples were  
stored a t  -190^C and assayed fo r  ro ta v i ru s  by In d i r e c t  Immunofluorescence.
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V. STATISTICAL METHODS (PackfiE^ 12221
A. Mean (x ) .  s ta n d a rd  d e v l a t l o n ( s )  .st.a.nd.ac.d STTflT .(s.S.l jqI  a  . s M  M  
observations
:€x
s .e . s
/ n
Where
K x 2
( l X ) 2
sum of a l I  values of X 
sum of squares of  a l l  values of X 
the square sum of a l I  values of X 
t o t a l  number of  values of  X
' B . Confidence Limits  q±  msâü
X ±  t __s_
y  n
where
a value read from s tudent 's  t  t e s t  
tab les  a t  a selected p ro b a b i l i t y  level  
(e .g .  93%) and fo r  (n -1 )  degrees of freedom.
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C. Comparison between jûe.ans
a) Between two means L t  t a s t l
and
^1 , 2
where
* 1 'X 2
s i i S 2
n^,n2
t
% 2
" 2
(n^—l)s^ + (n2 ~ 1 )s 2 ^
'1 n2  “ 2
the  means of the  f i r s t  and second observations
the standard devia t ions of the  f i r s t  and second observations
the to t a l  number of observations in each
the computed t e s t  values with n- 2  degrees of  freedom
b) Between several  means (Analysis  variance)
Single c la s s i f i c a t i o n  with k treatments,  n re p l i c a t e s  and kn values
Sources of  Sum of Degrees of Mean
v a r ia t io n  squares freedom squares
Treatments 
Error  
( t o t a I )
SSI
SSE
(SS)
k - l
k ( n - 1 ) 
( k n - 1 )
MSI = SST/k-1 
MSE = S SE /k (n - l )
MST/MSE
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where
and
correc t ion  term and is the  square of the grand 
t o t a l  of treatments over the sum of a l l  values (GT)
kn
SS = ^ y ? -  -C
SST = -C
n
SSE = SS -  SST
F = c o m p u te d  v a l u e  o f  F w i t h  ( k - l )  n u m e r a t o r  and k ( n - l )  
denominator degrees of  freedom.
( i f  the computed value is equal to  or exceeds 
P = 0.05 there  are s i g n i f i c a n t  d i f fe rences  between the  
t reatment means)
the sum of squares fo r  a p a r t i c u l a r  treatment is 
T ^ . \  -  ( £ T ) 2
   with one degree of freedom
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D. Regression analys is
All  data was transformed by In  (n+1)
The b e s t  s t r a i g h t  l i n e  f o r  a s e r i e s  of  p o i n t s  x i ,  yi  -----  (x n ,yn )  was
ca lcu la ted  by least squares l in e a r  regression
where
and
y = mx + c
m = the regression c o e f f i c i e n t  (s lope)
n £ x y  -  ^ x ^ y  
n £.x^ -  ( £ x ) 2
c = the in te rc e p t  on the  y axis est imated by
s u b s t i tu t in g  the  value of m in the equation
c = y -  mjT
c o r r e la t io n  c o e f f i c i e n t  ( + 1  to  - 1 )
^ x y  - ^ £ x £ y  ^
 ______________ n______
-  (£ x )^ j ^ £ y ^  -  ( É y ) ^
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3 . RESULTS.
I .  ASSAY QE VIRUSES
A. Bacteriophage
The s to c k  of  b a c t e r  I cphace f  2 was assayed by t h e  s o f t  agar  over  l a y e r  
plaque t e s t  and shown to  give consistent and r e l i a b l e  re s u l ts  (Table 3,1).
B. Enteroviruses
A stock sample of p o l io  1 was assayed by the m i c r o t i t r e  method and the  
plaque assay method. Each assay was re p l ic a te d  s ix  t imes and the r e s u l t s  are  
represented in Table 3.1.
The plaque assay was the more s e n s i t i v e  method and gave t i t r e s  o f  4.6 x 
10^ pfu ml~1 compared t o  6.3 x 10® TCID50 ml"1 f o r  the m i c r o t i t r e  method. I t  
was a lso  sub jec t  t o  less v a r i a b i l i t y  but was more c o s t l y  and t im e  consuming 
t o  perform.
C. Rotaviruses
A plaque assay method was developed fo r  the assay of simian ro ta v i r u s ,  
SA-11. To encourage plaque formation of  SA-11 in MA-104 c e l l s ,  t r y p s in  was 
added t o  over layer medium a t  concentrat ions of 5 ,  10, or 15 |jg ml“ ^.
i m i E  U .  OQm UsàLl^Q Il Q l  
■&g.l..L.Q 1
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Virus i - i ic ro t i t re Plaque assay Sof t  agar
TCID50 ml"' pfu ml~1 plaque assay
pfu rnl~^
f2 4 .0  X 109
- - 2 .6  X 10^
— - 1.8 X 10^
- - 2 .7  X 10^
- - 2 .9  X 10^
3 .4  X 10^
X ±  s .e 2 .9 ± 0 .3  X 10^
P o l io  1 9 . 5 x 1 0 ® 5 . 0  X 10^
4 .4  X 10® 4 .9  X 10^ -
9 .6  X 10® 6 .0  X 10^ -
3 .0  X 10® 6 .2  X 109 -
4 .8  X 10® 3 .2  X 10^ -
6 .9  X 10® 2 .6  X 10^
X ±  s .e  6.3+1.1 X 10® 4 .6 ± 0 .6  X 109
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Cel Is were observed fo r  a period of  6  days and although c e l l s  remained 
healthy  during t h i s  period,  no plaque formation was observed. The c e l l s  used 
in plaque assays had o r i g i n a l l y  been passaged tw ic e  a week but had since been 
adapted t o  a new regime of passaging once a week. To maintain the c e l l s  In 
a more a c t iv e  physiological  s ta te ,  a l l  c e l l s  were replaced by the o r ig in a l  
stock  and k e p t  t o  t h e i r  o r i g i n a l  re g im e  o f  passaging t w i c e  a week.  The 
plaque assay was repeated and w i th in  3-5 days small (1 -2  mm diameter)  plaques 
were observed. The plaque morphology d i f f e r e d  to  po l io v i ru s  plaques as shown 
in P la tes  3.1 and 3.2. In add i t ion  the s e le c t ion  of  the d i lu e n t  was c r i t i c a l  
when Earles balanced s a l t s  and t r i s  b u f fe r  were used as they were s l i g h t l y  
c y t o t o x i c  whereas t h e  use of  a s e r u m - f r e e  g rowth  medium was n o n - t o x i c  and 
proved q u i te  adequate fo r  t e s t  purposes.
The a d d i t i o n  o f  e i t h e r  t r y p s i n  or  p a n c r e a t i n  was found necessary  t o  
a s s is t  the formation of plaques and d i f f e r e n t  concentrat ions of enzymes were 
added t o  the  over layer  medium to  in ves t ig a te  t h e i r  e f f e c t  on plaque s iz e  and 
numbers (T a b le  3 .2 ) .  ,
The a d d i t i o n  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t r y p s i n  d id  not  appear  t o  
a f f e c t  plaque s ize  but in the presence of lower concentrat ions of pancreatin  
(5 and 10 (jg m l“ ^) no p laques  developed.  High c o n c e n t r a t i o n s  o f  e i t h e r  
enzyme (30 fjg ml of pancreat in  and 1 0  jjg ml"^ of t ry p s in )  resu l ted  in p a r t i a l  
destruct ion  of  the c e l l  monolayer. The optimum concentrat ions  of enzyme were 
1 3  (jg ml~1 of t ry p s in  or 20 pg ml“  ^ of pancreatin.
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lABJLE I mZ  UtLS j s i i £ £ l  M  £i^i)C£iilr.a±.igi35 g i  aozymg g j i d M  ±g  I h g
gygr iaygr  mgdlum j g  g nbansg plague formation
Enzyme Concentration  
pg m|-i
T i t r e  
pfu ml~ 1
Degree of  (a)  
cel  1 death
Trypsi n 5 7.2 X 10*7 1
7.5 9.0  X 10^ 1
10.0 1.8 X 10^ 3
Pancreati  n 5 . -  (b) 1
10 - 1
15 6.2  X 10*7 1
20 6 .8  X 10^ 1
25 _ 8.2 X 107 2
30 8.3  X 10? 3
(a) H 4 ,  h e a l t h y —^  dead c e l l s
(b) no plaques
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Plate 3.1 Poliovirus plaques (BGM cells )
Plate 3.2 Simian rotavirus plaques (MA-104 ce lls )
-120
f  "4"
A
Plate  -3-3 Fluorescent foci of rotavirus infection
Kiate j . 4  Human ro ia v i ru s  p a r t i e le s
(Negatively stained. Magnification X 150,000)
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Hov/ever, t ryp s in  of ten gave u n re l ia b le  and inconsistent  re s u l ts  in the  plaque 
assay and because of t h i s  pancreatin  was used in subsequent plaque assays.
The t i t r e  of the SA-11 v i rus  stock was approximately 7.8 x 10^ pfu ml"”^. 
A m i c r o t i t r e  method f o r  t h e  assay of  both c a l f  r o t a v i r u s  (CRV) and SA-11 
v i r u s  was t r i e d  but  abandoned in fa v o u r  of  th e  more s e n s i t i v e  p la que  assay  
method. F u r th e r m o r e ,  in t h i s  t e s t  i t  was o f t e n  d i f f i c u l t  t o  d i s t i n g u i s h  
between v i r a l  cytopathology and natural  c e l l  death.
Samples o f  CRV and SA-11 were assayed by both t h e  p la que  method and 
imm unof luorescence  and both methods gave comparable  t i t r e s  (T a b le  5 .3 ) .  
F I uorescence was I oca ted  on 1 y in th e  cy to p  I asm of th e  c e l l  ( P l a t e  3 .3 )  and 
f luorescent  foci were observed to  occur a t  a g reater  frequency in the  middle  
of t e s t  w e l l s .  A n e g a t i v e  c o n t r o l ,  us ing  PBS, showed t h a t  n o n - s p e c i f i c  
f luorescence was minimal and when i t  did occur was unmistakably d i s t i n c t  from 
the cytoplasmic f luorescence associated w i th  the presence of v i r a l  antigen.  
In a d d i t i o n ,  f l u o r e s c e n t  c e l l s  o b ta in e d  from i n f e c t i o n  w i t h  SA-11 were  
ind is t ing u ishab le  from those obtained from CRV in fe c t ion .
A concentrated stool  preparat ion of  human ro ta v i ru s  was observed wi th  
the  aid of an e lec tron  microscope and shown to  consist  of  large icosahedral  
v i r u s e s  w i t h  t y p i c a l  r o t a v i r u s  morphology ( P l a t e  3 .4 ) .  The s tock  o f  human 
r o ta v i ru s  was assayed by Immunofluorescence and found to  contain an average
1.3 X 10^ f luorescent foci  ml“ .^ I t  was a lso observed t h a t  f lu o re sc e n t  c e l l s  
occurred as iso la ted foci  which suggested t h a t  p a r t i a l  r e p l i c a t i o n  of human 
r o t a v i r u s  was r e s t r i c t e d  and o c curre d  o n ly  w i t h i n  t h e  c e l l s  o r i g i n a l l y  
in feeted .
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lAELE Ix i  Assay g± sa.If simian gM  Jmman r o ta v i r u s
Test
Virus N ic ro t  i t r e  
TCID5 0  m|-1
Plaque Assay 
pfu ml " 1
1n d i re c t
1mmunof 1 uorescence 
Fluorescent foci  rnl~^
Cal f 3 .2  X 10® 5 . 0  X 10®
Rotav i rus 4 .0  X 10® 1.9 X 10®
Simian 8 .0  X 10® 2 .6  X 10'7
Rotavirus 7 .2  X 107 
8 .4  X 10*^  
5 .0  X 1CP(a)
3.1 X 10^
9 .3  X 10*^
5 .3  X 10^
Human 
Rotav i rus
2 .2  X 10^ 
0 .0  X 103
7.5  X 10^
(a)  SA-11 infected act iva ted  sludge concentrate.
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I I .  DEVELOPMENT OF THE ISOLATION TECHNIQUE
A. Se I ect  f on q±  ± M  e lu ent
i ) Rgggygry q±  p.Q.l.jQ i  i m o  g.Çii.Y.a.t.ê.Q sludge f loes  fol  lowing j ± g  appi ica t ion  
g± th re e  e luents
The e f f i c i e n c y  of  an e l u e n t  f o r  re c o v e ry  o f  v i r u s e s  from sol Ids was 
t e s t e d  by seeding s ludge s o l i d s  w i t h  a known amount of  p o l i o  1. Each 
experiment was standardized by tak ing approximately  2 0  g wet weight volumes 
of ac t iva te d  sludge from P lan t  G and homogenizing them in seeded deionized  
water.  A f t e r  a l lowing fo r  a period of adsorption the cen tr i fuged  f l o e  was 
t re a te d  wi th  one of the fo l lo w in g  e luents;  beef e x t ra c t ,  foe ta l  c a l f  serum or  
sodium dodecyI sulphate.  The de ta i led  r e s u l ts  of  the t e s t  e luents  a t  various  
pH values,  w ith  and w i thout u l t ra so n ic  t rea tm ent  are shown in Appendix l i a .
The amount of v i rus  present in the deionised water was taken as the  lOOp 
v a lu e  and a l l  f i g u r e s  were  rounded o f f  t o  th e  n e a r e s t  dec im a l  poi n t .  The  
r e s u l t s  summarized in T a b le  5.4 show t h a t  beef e x t r a c t  and sodium dodecy I 
sulphate gave the most consistent v i rus  recover ies ,  although fo r  fo e ta l  c a l f  
serum i n s u f f i c i e n t  data was a v a i la b le  to  adequately compare values.  E lu t ion  
w i t h  3.0%  beef e x t r a c t  a t  pHlO gave 48.9%  r e c o v e r y  o'f v i r u s  and th e  use o f  
u l t ra so n ic  t rea tm ent  a t  pH7 or pH9 did not appear to  in f luence the  process.
i i ) Evaluation beef e x t r a c t  gs m  e lu e n t  using d i f f e r e n t  concentrat ions
I n i t i a l  re su l ts  showed t h a t  3.0^. beef e x t r a c t  a t  pHIO seemed to  be the  
most e f f i c i e n t  e l u e n t  and in t e s t s  a t  d i f f e r e n t  c o n c e n t r a t i o n s  (0.3%, 3.0% 
and 9.0%),  beef  e x t r a c t  a t  3.0% gave th e  h i g h e s t  re c o v e r y  o f  55.4% ( T a b l e  
3 .5 ),  although the v a r i a b i l i t y  of re s u l ts  obtained from such a l im i t e d  number 
of t e s t  did not demonstrate conclus ive ly  t h a t  any one concentrat ion resu l ted  
in a more e f f i c i e n t  eluent .
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i i i ) Recovery o i  p o l io  1  I m û  sludge taken f r o m  P lant Q
Beef e x t r a c t ,  0.5% and 10% foe ta l  c a l f  serum were f u r t h e r  tes te d ,  over  
t h r e e  pH v a lu e s ,  f o r  t h e i r  a b i l i t y  t o  e l u t e  v i r u s e s  from o t h e r  ty p e s  of  
sludge so l ids .  The s o l id  content of the raw, digested and surplus a c t iva te d  
s ludge  was s t a n d a r d i z e d  as b e f o r e .  The r e s u l t s ,  r e p r e s e n te d  in T a b le  3 .6 ,  
show t h a t  d ig e s t e d  s ludge gave th e  h ig h e s t  and most r e l i a b l e  r e c o v e r i e s  
i r r e s p e c t i v e  of  t h e  method used and t h a t  u l t r a s o n i c  t r e a t m e n t  d id  not  
i n f l u e n c e  t h i s .  The methods produc ing  t h e  h ig h e s t  r e c o v e r i e s  f o r  each 
p a r t i c u l a r  sludge type were beef e x t r a c t  e lu t io n  a t  pH9; foe ta l  c a l f  serum a t  
pH9 and f o e t a l  c a l f  serum a t  pHIO f o r  d ig e s t e d ,  raw and s u r p lu s  a c t i v a t e d  
sludge re spect ive ly .  In t h i s  instance foeta l  c a l f  serum gave s i m i l a r  re s u l ts  
to  beef e x t rac t .
A n a ly s is  of  t h e  da ta  c o l l e c t e d  from t h e  two p re c e d in g  e x p e r im e n t s  
indicated t h a t  the d i f fe re nce s  between 3.0% and 0.3/0.5% beef e x t r a c t  fo r  the  
recovery of v i rus  from so l ids  were not s i g n i f i c a n t  (Table 3.7) .
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-TABLE S t a t i s t i c a l  analys is  q1  3.0% g W  0.5% beef e x t r a c t  ^  m  e Iu en t
Percentage M  v irus  recoveries  
3.0% beef e x t r a c t  0 .3 /0 .5% beef e x t r a c t
70.2  
50.5
25.9
1 0 . 1 (b)
42.2
74.9
52 .6 X2
'1 29.4
25.4  
8 3 . 9 (b)
16.7
27.9
17.0
10.2
30.5  
9.4
95% confidence l im i t s  x + tQ^05 s.e,  
52 .6  ±  27 .2  
(25 .4  to  79.8%)
(a) means I and 2 compared
30.5 ±  22 .9  
( 7 .6  to  53.3%)
t  -  1.52 t g j  = 1.78,  not s i g n i f i c a n t
(b) Values outside the 95% confidence l im i t s
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iv)  l i ie  r.ecgygr-Y q1  1 2  bacte r io p h age i ron? a c t iv a te d  sludge from P lan t  E
Pre l im in a ry  experiments wi th p o l io  1 showed t h a t  v i ru s  recovery values  
from sludge so l ids  were v a r ia b le  and f u r t h e r  e lu t io n  studies were done with  
f2 bacteriophage. The phage was inoculated d i r e c t l y  in to  a f ix ed  volume of 
act iv a ted  sludge and tested with  an extensive range of e luents  and pH values.  
The e f f e c t  of beef e x t r a c t ,  newborn c a l f  serum, sodium dodecyI su lphate,  or 
d e io n iz e d  w a t e r  a t  pH 4, ambi e n t  or pH 9 as e l u e n t s  i s show n I n Append i x Mb  
and summarized in Table 3.8.
Fol lowing the  add i t ion  of the bacteriophage to  the  sludge samples, about 
22% of added phage rem ained  in suspension.  Dur ing  t h e  e l u t i o n  from th e  
so l ids  of the remainder,  the pH or nature of the  e luent did not s i g n i f i c a n t l y  
e f f e c t  phage recovery.  Recoveries ranged from 3.9 to  16.1% i r r e s p e c t iv e  of  
th e  t r e a t m e n t ,  w i t h  t h e  e x c e p t io n  o f  0.1% sodium dodecy I s u l p h a t e  a t  pH 4 
which gave n i l  recover ies.  The bacteriophage f2 was not included in f u r t h e r  
experiments.
v) Recovery g l  th ree  enteroviruses  seeded Jnto act ivoted  eiudge from P.i.apl E
To i n v e s t i g a t e  th e  beh av io u r  of o th e r  v i r u s e s ,  t h r e e  e n t e r o v i r u s e s ,  
p o l io  1, Coxsackie B5 and echo 1 were seeded d i r e c t l y  in to  a c t iv a te d  sludge.  
An addi t ional  e lu ent ,  Zetag 92 was used and v iruses were e lu ted  a t  ambient pH 
values (Appendix l i e ) .  The re s u l ts  are summarized in Table  3.9 and show t h a t  
s i g n i f i c a n t  d i f f e r e n c e s  were observed in th e  p e rc e n ta g e  r e c o v e r i e s  of  
i n f e c t i o u s  v i r u s .  For in s ta n c e ,  0.9,7*Sand 24.1% of  p o l i o  1, C o x s ac k ie  85 
and echo 1 re s p e c t ive ly  were recovered from the o r ig in a l  supernatant.  These 
low v a lu e s  a ls o  i n d i c a t e d  t h a t  a high p e rcen ta g e  of t h e  v i r u s e s  had become 
so l id -assoc ia ted .  Recoveries of 29.1, 33 and 37.3% p o l io v i ru s  were recorded  
a f t e r  e lu t io n  of  the sludge sol ids  with  sodium dodecyI sulphate,  newborn c a l f  
serum and beef e x t r a c t  resp ec t ive ly ,  w h i le  skim mi lk  gave a lower value of  
18.1%. E lu t ion  with  Zetag 92 or d i s t i l l e d  water appeared t o  recover l i t t l e  
or no v i r u s .  The r e c o v e r i e s  of  echo 1 showed s i m i l a r  t r e n d s  e x c e p t  t h a t  
e l u t i o n  w i t h  skim m i l k  gave v a lu e s  as high as th e  o t h e r  t h r e e  e l u e n t s  and 
ranged from 61 t o  92%. The re s u l ts  obtained for  Coxsackie 85 were extremely  
v a r ia b le  regardless of the eluent.
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v i )  Egggyery g i  g g lig  1  gnb ggbg 1  irom  anaerobic dJçested sludge from P lan t  
h  x l l h  s k lsù  mi lk
Skim m i lk  a t  ambient pH v/as f u r t h e r  tested as an e lu ent  fo r  i t s  a b i l i t y  
t o  r e c o v e r  both p o l i o  1 and echo 1 from a n a e ro b ic  d ig e s t e d  s ludge .  The 
r e s u l t s  are  summarized in Table 3.10 and given in Appendix l id .
In t e s t s  on a n a e ro b ic  d ig e s t e d  s lu d g e ,  85.1% of  echo 1 and 17.4% o f  
p o l io  1 remained unadsorbed, t h i s  being a much less e f f i c i e n t  adsorption than 
t h a t  o b ta in e d  f o r  th e  same two v i r u s e s  from a c t i v a t e d  s ludge  from P l a n t  G. 
On a d d i t i o n  o f  skim m i l k  t o  t h e  samples,  e l u t i o n  of  much o f  t h e  re m a in in g  
echo 1 v i r u s  was ach ie ved  whereas p o l i o  1 was e lu t e d  a t  a much lower  
e f f i c ie n c y  of 34%. Nevertheless,  re s u l ts  f o r  the e lu t io n  of  both p o l io  1 and 
echo 1 were s i m i l a r  t o  th e  r e s u l t s  o b ta in e d  from p re v io u s  e x p e r i m e n t s ,  
sug g e st in g  t h a t  t h e  ty p e  of  s o l i d  o n ly  a f f e c t e d  v i r u s  a d s o r p t i o n  and not  
v irus  e l u t i o n .
TABLE 3 , 1.0 Ib g  g.f..feg± g f  gkjjo m ilk  ambient gH gü ±hg recovery g f  p o i io  
1  g n j  echo 1  from anaerobic digested sludge
Eluent Virus Unadsorbed(a) Eluted(a )
v i rus v irus
Pol io  1 17.4 ±  2 . 3 (b) 34 .0  ± 5 . 6
1% (w/v)
sk i m milk
Echo 1 85.1 ±  8 .9 129.3 ±  41.6
a) Percentage of v i r u s  recovered
b) X ± s .e .  f o r  6 experiments
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B. CONCENTRATION 
i ) Ac!-d p r e c ip i t a t io n
The e f f i c ie n c y  of the concentrat ion of v i rus  from eluents was i n i t i a l l y  
investiga ted  w ithout  the use of sewage so l ids .  Virus was inoculated d i r e c t l y  
in to  beef e x t r a c t  or skim mi lk  e luents and the product concentrated 2 0  or 40 
f o l d  by a c id  p r e c i p i t a t i o n .  T h is  in v o lv e d  producing an o r g a n ic  f l o e  by 
l o w e r in g  t h e  pH of t h e  e l u e n t  t o  th e  i s o e l e c t r i c  p o i n t  o f  one of  i t s  
components.  The r e s u l t s  of  the  c o n c e n t r a t i o n  of  pol io  1 from beef e x t r a c t  
and of p o l i o  1 and echo 1 from skim m i l k  a re  summarized in Tab I e 3 . 1 I and 
given in f u l l  in Appendix l ie .
On concentrat ing beef e x t ra c t  e luents  i t  was observed t h a t  1.6% of po l io  
1 was lost in the p r e c ip i t a t io n  stage,  giv ing an overa l l  recovery of  40.4% of 
v i r u s  in t h e  c o n c e n t r a t e .  A s i m i l a r  p e r c e n t a g e  r e c o v e r y  f o r  t h e  
c o n c e n t r a t i o n  of  p o l i o  1 from sk i m m i I k was a I so o b t a i  ned and s t a t i  s t i c a l  
analys is  of these two s im i l a r  methods showed t h a t  n e i the r  was super ior  (Table  
3 .1 2 ) .  In c o n t r a s t ,  a c id  p r e c i p i t a t i o n  appeared t o  be less  e f f i c i e n t  a t  
concentrat ing echo 1 as on average 7.1% of the v i rus  was not adsorbed t o  the  
f l o e ,  and was s u b se q u e n t ly  l o s t  t o  th e  s u p e r n a t a n t ,  and o n ly  26.5% of  v i r u s  
was recovered in the concentrate.
Since beef e x t r a c t ,  up u n t i l  t h is  po int ,  had been used more e x tens ive ly  
as an e luent ,  i t  was fu r t h e r  used to  t e s t  the e f f i c ie n c y  of  v i ru s  removal and 
subsequent  c o n c e n t r a t i o n  from d i f f e r e n t  typ es  of  s lu dges  from P l a n t  C. 
Sludge so l ids  were homogenized in dosed water and the e luent  concentrated 40 
f o l d  (T a b le  3 .1 3 ) .
The e f f i c i e n c y  of  t h e  process in removing p o l i o  1 from s o l i d s  was 
s i m i l a r  t o  t h a t  o b ta in e o  in p re v io u s  e x p e r im e n t s  and no s i g n i f i c a n t  
d i f f e r e n c e s  were observed between d i f f e r e n t  ty p e s  o f  s lu dge .  However,  
a lthough  one raw s ludge sample l o s t  65% of  i t s  v i r u s  in th e  p r e c i p i t a t i o n  
stage,  the average percentage recovery from the concentrates was 35.6% which 
did not vary  g r e a t l y  from th e  r e s u l t  in th e  p re c e d in g  e x p e r im e n t .  The 
combination of both the percentage of v irus  e lu ted and of v i rus  recovered in 
the concentrate gave a low overa l l  recovery of 10.3% fo r  p o l io  1.
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TABLE 3 .12  S t a t i s t i c a l  ana lys is  of  acid p r e c i p i t a t i o n  f o r  the  
concentrat ion of  p o l io  I from beef e x tra c t o r  skim 
mi Ik e luents .
Beef e x t r a c t  Skim milk
Xj = 40 .4  X2  = 42 .2
s^ = 17.2 s^ = 12.8
means I and 2 compared
t  = 0 .19  I = 1.86; not s i g n i f i c a n t .
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i i ) Hydroextract ion
Hydroextraction wi th polyethylene glycol  was tested fo r  i t s  capaci ty  to  
c o n c e n t r a t e  pol io 1, echo 1 and Coxsack ie  B5 and r e s u l t e d  in 3 8 .0 ,  24.5 and 
21.3/) re c o v e ry  r e s p e c t i v e l y  ( T a b le  3 .1 4 ) .  However,  t h e  beef  e x t r a c t  
concentrates were very ge lat inous and d i f f i c u l t  to  process. The method was 
t i m e  consuming and i m p r a c t i c a l  f o r  th e  process ing  of a l a r g e  number of  
samples and was not f u r t h e r  considered as a ro u t ine  method.
i i i ) The sa I mi ne technique t o r  the i s o  I a t  ion ana concentrat ion of  r o ta v i ru s  
from a ct iva ted  sIudge from PI ant 6 .
D i f f e r e n t  methods f o r  th e  i s o l a t i o n  and c o n c e n t r a t i o n  of  v i r u s  were  
assessed to  compare t h e i r  e f f i c ie n c y  in the recovery of  SA- 1 1 from a c t iv a te d  
sludge from P lant  G. Methods investigated included m i lk  e lu t io n  fo l lowed by 
acid p r e c ip i t a t io n  or hydro ex trac t io n ,  anc the  sal  mi ne te c h n iq u e .  P c l i o  1 
was included in the sal mine and acic p r e c i p i t a t i o n  te s ts  in order to  compare 
r e s u l t s  w i t h  those  o b ta in e d  f o r  SA-11.  Samples were a l l  assayed by th e  
plaque assay method and the r e s u l ts  are summarized in Table 3.15 (see a lso  
Appendix I l f ) .
The adsorption c h a r a c t e r is t i c s  fo r  SA-11 and p o l io  I to  ac t iva te d  sludge 
f l o e s  were s i m i l a r  in t h a t  99.8% of  v i r u s  was adsorbed t o  th e  s o l i d s .  
E l u t i o n  w i th  m i l k  re cov ered  21.8% of  SA-11 and 12.2% of  p o l i o  1 whereas  
e lu t io n  with  bovine serum albumin recovered 55.2% of SA-11 and only 6 .6 % of 
p o l io  1. Of the methods of concentrat ion investigated acio p r e c i p i t a t i o n  was 
t h e  most e f f i c i e n t ,  f o l l o w e d  by h y d r o e x t r a c t i o n  and then th e  sal  mi ne 
technique.  The concentrat ion of SA-11 wi th saimine recovered only 16.8% of 
v i r u s ,  a l though as a r e s u l t  of  an e f f i c i e n t  f i r s t  s tep  in th e  e l u t i o n  of  
v i ru s ,  an overa l l  e f f i c ie n c y  of 9.3% was achieved, equal l ing  recover ies  using 
the other two techniques.  Po l io  1 was not successfu l ly  concentrated by the  
s a im in e  te c h n iq u e  f o r  th e  main reason t h a t  v i r u s  d id  not  adsorb t o  t h e  
o r g a n ic  f i o c  and 70.5% of v i r u s  was l o s t  in th e  p r e c i p i t a t i o n  s ta g e .  Thus 
the  method was us e fu l ly  se lec t ive .
“ 139“
4-
U
0
l_
4—
g
2•o
JZ
>*J3
O
4 -
c
0
0O)T33
in
0O)
0
0m
T3
0
4—O
24—
2
4 -
C
0
Uc
o
o
m
LU
_ j
00
g
o
o
o
VO
o
u>-
O )
0
c
0
>>x:
4 -
0
o
CL
>>
L.
0
0 >
l_ O VO in
0 u
> 0 VO N"
o cd CN CN CN
■0
0
i_
0
>
o O m lA
u
0 00 N"
a: M CN CN
0
4-
0 m JD m u M "0
c L_ O o O
4—
C
m 0 X X X
3 U
c CN M O
o
> u m VO
>~
0 + +
> O o
o o
o o o
0 o o o
'b^  o: r~
M m
c O O o
4-
m c X X X
3 0
3 lA o VO
> LU VO —
0
m m CNE o o O
0 3
C
3 X X X E
O) O
O o o E 00
c CN E
o 00 in
O 00
— 4— VO
0 O 0 o
4- 0 4—
4— 4~
u C 0 0 0
in o 0 0 0 l_ 0
3 0 o U) 3 4- 4— 4-
L_ o. JC X 0 C 0
>- O U o in 0 I_ 0 L_
> 1— CL LU O Dû 4— U 4—
C C c C
0 o 0
u u u
in c c
3 o o o
0 1 o u
CL
>- O) > CD n: o
4 - •0 X <2L
4 - 0 E CL □c
0 3: 4— ^ O CL
O) m m 00 l_ CO LU
T3 >. 0 • H- O
3 0 ) 0 3 ^ ü_ 00 LU
•O — CN 0 m 1 0
CO Q ^ q: — 0 V3. Vî. 00
E 4- O m0 V 5.O — m
m 3 E
Q o E O E
CD o o  0 O 00
00 h- o CN o
o
0 VO CN CN
4-
0
Q CN 0  J3 u 0
—'
- 140-
0
4-
c
0
L_
0
4-
M- CD
0 4—
c
M- 0
O
□_
C
o E
to O
L_
L_ M-
0
Q . 0
E cn
O 0
U 3
< to
i n
LU
_Jm <  I—
u
— c
—  0
0  —
L_ U t n m N"
0  —
>  4 - i n CD o
O  4 - CD
V L  0
0
0 O 00 CN 00
4 -
0 m i n i n
l_
0  4—
3  C +  1 +  1 +  1 + 1 4- 1
L- 0
—  U 0 0 00
>  C
c O VO i n m VO VO
O V L  U m CN
4 -
0
L_
4 -
C
0
U
c 0 m i n — i n
O 4 -  0
O O  4 - O O O O
C  0
4 -
0  — + 1 +  1 4- 1 4- 1
3  Q .
L— m m
—  o 0 0 i n
>  0
I_ O 1 o O
CL
0 0 CN i n VO
i n CN — O
0
c 0
O 4— + 1 +  1 +  1 4- 1 4- 1
3  0
4— —  3 ■N- CN CN VO
3 0  L_
0 0 i n CN i n VO
LU V L  > CN i n
0 x>
C 0 m CN VO
o 0 O O O
JD’+- 0  L_ O O O O
CL 3  O
l_ L_ 0 +  1 + 1 4- 1 4- 1
O —  0 i n
(0 >  0 CN N"
0 C
< V L  3 o 1 O O O
. . .  c 1 C £
c  O C  4 - c  O o
o — O  U O  — c
—  4— •— 0 —  4— o 4-
4 -  0 4— L_ 4 -  0 0
3  4 - 3  4 - 3  4 - 4 -  4 -
—  X 3  0 -
0 0  O . 0  0 0  CL —  C  CL
o O 0  •—
JC 0  u X  l_ X  0  o E  U
4 - —  0 —  0  c —  0 <  —  0
0 •— Ü  C— •— > .  O 0  L_ CO 0  ( -
5 : Z  0  CL s :  - c  — S  0  CL CD 0  CL
0 — o — o
L_ 1 1 —
< O < o
> CO CL CO CL
0
10
+  I
I X
0
0
i_
0>
ou
0
l_
VÎ.
0
0
0c
*i
i_
04—
0
0
- 1 4 1
C. Remova I of cy to tox ic  I ty
Sludge samples were processed for  the is o la t io n  of indigenous v iruses by 
the  e l u t i o n  of  a 10% sludge sample w i t h  beef  e x t r a c t  a t  pHlO, f o l l o w e d  by 
c o n c e n t r a t i o n  by ac id  p r e c i p i t a t i o n .  A l l  of  th e  f i r s t  s e r i e s  of  sample  
concentrates were assayed by the m i c r o t i t r e  method to  economise on t im e  and 
c e l l s .  A l l  of  these  t e s t s  produced c o n c e n t r a te d  e lu e n t s  which were  
c y t o t o x i c .  The a d d i t i o n  of  b a c t e r i a l  and fungal  a n t i b i o t i c s  t o  th e  c e l l  
c u l tu r e  medium helped to  reduce bacter ia l  and fungal contamination but did 
not prevent c y t o to x ic i ty .
In a fu r th e r  ser ies  of experiments sludge eluents were e i t h e r  d ia lysed  
overnight against PBS, or polyethylene glycol  in order to  remove so luble  low 
m o le c u la r  w e ig h t  substances which m ig h t  have caused c y t o t o x i c i t y .  The 
removal of  heavy meta l  ions by c h e l a t i o n  w i t h  d i t h i z o n e  was a ls o  t e s t e d .  
V i r a l  assays were per form ed by both m i c r o t i t r e  and p laque  t e s t s  and t h e  
r e s u l t s  a re  re p r e s e n te d  in T a b le  3.15.  C e l l s  in th e  m i c r o t i t r e  t e s t  were  
much more s en s i t ive  to  t o x i c i t y  than the c e l l  monolayers used fo r  the plaque 
assay. D ia ly s is  die not e f f e c t  c y t o t o x ic i t y  but d i th izone  t rea tm ent  provided  
samples which proved to  be much less to x ic  to  monolayers. Other advantages 
of d i th izone  trea tment  over d ia ly s is  were t h a t  i t  was less t ime consuming and 
t h e  presence of c h lo r o f o r m  r e s u l t e d  in t h e  e l i m i n a t i o n  of  b a c t e r i a l  and 
funoal contaminates.
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lA&LL lL.f.[.Udri£e q ±  iLLS-Lyiils or  at i o n  on t h e  c y t o t o x i c !  t y  M
concentrated siudge eluents
Date Sludge Types 
(Dry wt g / l )
treatment Cytotox i c i t y
5 0 .7 .7 9 Raw D ia ly s is  PBS^^) +
(3 2 .1 ) " Peg 6 Q(b) 4
6 .8 .7 9 Raw D ia ly s is  PBS +
(37 .2 ) Peg 60 +
2 4 .7 .79 Digested
(2 0 .3 )
D ia ly s is  PBS 4
1.8 .79 Digested D ia ly s is  PBS 4
(21 .5 ) " Pec 60 -i-
7 .8 .7 9 Digested D ia ly s is  PBS 4
( 2 1 . 0 ) " Peg 60 4
5 .9 . 7 9 Raw
(3 8 .4 )
Chelat i  on(c) -
14.8 .79 Digested 
(17 .7 )
Chelct i  on 4
18 .9 .79 Surplus Activated Chelat ion  
( 6 . 8 )
-
18.9 .79 Lagooned 
( 1  g dry wt = 
9.7 wet)
Chelaton
(a)  PBS fol lowed by acid prec i p i t a t  i on
(b) 10% PCS, pH9, concentrated by hyarooxtraction
(c)  Concentra ted  by a c id  p r e c i p i t a t i o n ;  t r e a t e d  w i t h  an equal  vclui.iC of  
dith izone  in eh I orof orrn.
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D. I M  Qveral I c ff ic iGn&y a l v t i o n , concentrat ion,  m û  de to x ica t io n  stages
J-Q ±tLS Q ± y i r u s & s  j f P E  L 3 ÏL  d i gested s lu d g e s  f r o m v a r  i ous
aswage plants
The method of e lu t io n  wi th  beef e x t r a c t  a t  pH10, concentra t ion  by acid 
p r e c ip i t a t io n  and detox ica t ion  with  d i th izone  was investigated  t o  assess i t s  
o v e r a l l  e f f i c i e n c y  f o r  r e c o v e r in g  v i r u s e s  from s lu dge.  One of  t h r e e  
enteroviruses was d i r e c t l y  incculatec  into  e i t h e r  raw or digested siudge and 
a 10% so lu t ion  of sludge made up with  eluent .  The e lu ent  in most cases was 
concentrated by a fa c to r  of  40 and concentrates were assayed before  and a f t e r  
d i t h i z o n e  t r e a t m e n t .  The d a te  of samp I ing and c h a r a c t e r i s t i c s  o f  s lu dge  
samples in o c u la t e d  w i t h  v i r u s ,  t o g e t h e r  w i t h  r e s u l t s  f o r  t h e  e l u t i o n  and 
concentrat ion stages are representee in Appendix i lg.
R e s u l t s  o b ta in e d  from e l u t i o n  w i t h  beef  e x t r a c t  c o n f i r m e e  e a r l i e r  
o b s e r v a t io n s  t h a t  echo 1, Coxsack ie  B5 and t o  a le s s e r  e x t e n t  pol io 1 were  
e f f e c t i v e l y  e lu t e d  from th e  s o l i d s  ( r e s u l t s  summarized in T a b l e  3 .1 7 ) .  
C o n c e n t r a t i o n  o f  t h e  e l u e n t  by a c i d  p r e c i p i t a t i o n ,  r e s u l t e d  in  an 
i n s ig n i f i c a n t  amount of echo 1 and p o l io  1 being lost in the supernatant.  In 
c o n t r a s t ,  38.4% of Coxsack ie  B5 was l o s t  a t  t h e  p r e c i p i t a t i o n  s ta g e ,  
s ig n i fy in g  t h a t  the v i ru s  was poorly adsorbed to  the organic f lo e .  Treatment  
of the concentrate with  d i th izone  on two occasions, resul ted in a large loss 
of i n f e c t i o u s  Coxsack ie  B5 and on average  gave a 65% r e d u c t i o n  in v i r u s  
t i t r e s  in t h e  f i n a l  c o n c e n t r a t e .  D i t h i z o n e  t r e a t m e n t  o f  c o n c e n t r a t e s  
c o n t a i n in g  echo 1, r é s u l t é e  in a 44.2% r e d u c t io n  o f  v i r u s ,  a l t h o u g h  t h e  
r e s u l t s  were v a r i a b l e  and in some in s ta n c e s  v i r u s  t i t r e s  were a c t u a l l y  
increased  a f t e r  t r e a t m e n t .  O v e r a l l  r e c o v e r i e s  of  p c l i o  1, echo 1 and 
Coxsackie B5 from sludge were 20.1, 23.7 and 15.9% re spe c t ive ly .
The proposed method f o r  th e  i s o l a t i o n  o f  v i r u s e s  from s lu dge  on t h e  
b a s is  of  t h e  r e s u l t s  o b ta in e d  f o r  t h e  re c o v e ry  of  i n o c u la t e d  v i r u s  from  
s ludge  is re p r e s e n te d  in T a b le  3 .18 .  The r e l a t i v e  e f f i c i e n c i e s  of  t h r e e  
e n t e r o v i r u s e s  adsorbed t o  and e l u t e d  from a c t i v a t e d  s ludge  f l o e s  and 
subsequent ly  c o n c e n t r a te d  by a c id  p r e c i p i t a t i o n  show t h a t  t h e  e xp ec te d  
recover ies  of v irus  with t h is  technique are 11.8% for  p o l io  I ,  27.8% fo r  echo 
1, and 11.3% f o r  Coxsack ie  B5.
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E. Appl isotion Q i I s c hnigup I p t  ±hs iso_l a t  i on q±  indigenous v iruses from 
i m  -2 JKi <lLci^stg.ü .^.u.dgg.s Iran) var ious  p la n ts .
Raw and d ig e s t e d  s lu dges  were  processed by th e  beef  e x t r a c t  method.  
Three  p e rc e n t  beef e x t r a c t  a t  pH 10 was used t o  e l u t e  v i ruses  from s o l i d s ,  
c o n c e n t r a t e d  by a c id  p r e c i p i t a t i o n  and then detoxicated and decontaminatea  
with d i th izone  in chloroform. The essentia l  information on the o r ig in ,  date  
and c h a r a c t e r is t i c s  of samples is  shown in Appendix i l l .  I n i t i a l l y  a 100 ml 
sample of sludge was d i lu te d  t o  600 or 800 ml with  e luent (Code no. 1-7)  but  
i n I a t e r  exper  i ments a 20 ml samp I e d i I uted t o  200 m I was used (Code no. 7 -  
17).
C o n c e n t ra te s  of  th e  f i r s t  few samples assayed by t h e  m i c r o t i t r e  and 
p la que  assay method e i t h e r  produced n e g a t i v e  r e s u l t s  or  were t o x i c  t o  th e  
c e l l s .  Subsequently BGM c e l l s  were grown up on a large sca le  by using r o l l e r  
b o t t le s ,  and these c e l l s  were harvested fo r  use in the agar c e l l  suspension 
plaque assay. The volume of concentrate used per t e s t  var ied  from 0.2 to  3.5 
ml depending on the c l a r i t y  of the concentrate.  The t o t a l  volume of c e l l s ,  
medium and sample was divided equal ly  between f i v e  9cm p e t r i  dishes.
P re l im inary  experiments with  the suspended c e l l  plaque t e s t  showed t h a t  
t h e  most c o n v e n ie n t  way t o  pe r fo rm  th e  t e s t  was t o  mix  t h e  cel  Is w i t h  t h e  
over layer medium and then add the concentrate t o  the mixture .  P r io r  contact  
between c e l l s  and sample was not necessary provided the re  was thorough mixing  
of the three const i tuents  before they were poured into  the p la te .
The t i t r e s  of in fect ious  v i rus  iso la ted from raw and digested sludge are  
shown in T a b le  3 .19 .  The t i t r e  o f  v i r u s  in raw s lu dge  ranged from not  
detectab le  to  6 , 0 0 0  pfu per l i t r e  and of the two samples of digested siudge 
t e s t e d ,  v i r u s  was not de t e c  tab  le  in one and p re s e n t  a t  300 pfu per  l i t r e  in  
the  other.  Results were also expressed in r e l a t i o n  t o  the  dry weight  of the  
sample, which minimised errors  associated wi th  the f a c t  t h a t  sludge samples 
var ied  q u i te  widely  in t h e i r  so l ids  content.
To check th e  v a r i a b i l i t y  and c o n s is te n c y  of  t h e  i s o l a t i o n  method,  
rep I i c a t e  samples of  th e  same s ludge sample were t e s t e d  and found t o  g i v e  
s i m i l a r  r e s u l t s .  I t  was a ls o  found in two t e s t s  (1 and 3) t h a t  an 
a i t e r a t io n  in the volume of concentrate used in the plaque assay, resu l ted  in
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TABLE 5 .19  T i t r e  of  in fec t ious  v irus  in raw and digested sludges 
from various sewage plants
Date (a) Code No. 
1979
Sludge /  SeWage 
Type P lant
Volume of  
concentrate  
assayed (ml)
(b)
In fe c t i  vi ty  
“ Ipfu I pfu g
9 .1 0 .79 1 Raw C 0 .5 1,260 29.1
1 . 0 540 12.5
1 5 .10 .7 9 . . 2 Raw H 1.5 5 ,860 169.4
15:10.79 3 Raw 0 2.5 3 ,680 89.3
0 .5 6 , 0 0 0 145.6
22 .10 .79 4 Raw H 3 .5 430 39.1
5 .1 1 .79 5 Raw H 2 .5 2,040 43.8
5 .1 1 .79 6 Digested H 0 . 2 300 8 .9
12.11.79 7 Raw H . i . 0 3,000 47.3
8 2 . 0 2,500 39.4
20 .11 .79 9 Raw C 2.5 1 0 0 2 .7
1 0 2 .5 500 13.2
1 1 2 .5 2 0 0 5 .3
27 .11 .79 1 2 Raw 0 1 . 0 250 7 .8
13 1 . 0 250 7 .8
14 I .0 250 7 .8
3 .1 2 .79 15 Raw 0 2 .5 iOO 2 .9
3 .1 2 .79 16 Digested C 2 .5 1 0 0 4 .8
10.12.79 17 Raw 0 1 . 0 1,500 46.6
(a) - Date when sample processed.
(b) Total  volume assayed in 5 pe t r i  dishes
(c)  Below the l i m i t  of  de tect ion .
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TABLE 3 .20  The is o la t io n  of  indigenous v irus  from samples of  raw and digested  
sludges,  re tested with the o r ig in a l  c e l l s .
Date Code No. 
1980
Sludge /  Sewage 
Type P lan t
Volume of
concentrate
assayed
1 n f e c t i v i t y
p f u / l i f r e  p f u /  g dry 
weight .
14.4 .80 54 Digested C 2 . 0 (a)  125 6 . 6
55 Raw H 2 . 0 125 3 .3
56 Digested H 2 . 0 125 3 .9
57 Raw J 2 . 0 500 14.1
58 Digested J 2 . 0 125 6 .5
2 1 .4 .8 0 59 Raw C 2 . 0 125 3 .5
60 Digested C 2 . 0 125 7 .0
61 Raw H 2 . 0 125 2 . 8
62 Digested H 2 . 0 125 1 0 . 6
63 Raw J 2 . 0 125 4 .2
64 Digested J 2 . 0 500 3 9 .7
2 8 .4 .8 0 65 Raw C 0 .5 500 14.5
6 6 Digested C 0 .5 500 37 .6
67 Raw H 0 .5 7 ,500 126.9
6 8 Digested H 0 .5 1,500 73.5
69 Raw J 0 .5 500 16.5
70 D i gestëd J 0 .5 500 25 .8
6 .5 .8 0 71 Raw C 0 .5 2 , 0 0 0 55.6
72 Digested C 0 .5 500 15.3
(a) Below the l i m i t  of  de tect ion .
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Plate 3.5 The agar ce ll suspended plaque assay used to 
detect indigenous virus in sewage concentrates
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a c o r res p o n d in g  a l t e r a t i o n  In th e  amount o f  v i r u s  t h a t  was r e c o v e r e d .  In 
add i t ion  te s ts  showed t h a t  the use of  2 0  ml samples was adequate fo r  ro u t in e  
purposes,  e n a b i in g  a g r e a t e r  number of  samples t o  be processed a t  t h e  same 
t ime.
F. S e n s i t i v i t y  o l  c e l l s  indigenous v i ruses
BGM c e l l s  were adapted to  a s impler growth medium consis t ing  of  Eagle's  
MEM (minimum essential  medium) with  Ear les s a l t s  instead of the  more complex 
MEM w i t h  Hanks and L i e b o v i t z  coupled  w i t h  l a c t a l b u m i n  h y d r o l y s a t e  as 
maintenance medium.
A ro u t in e  survey of raw and corresponding digested sludges from Plants  
C, H, J, and K was under taken  from F e bruary  t o  March 1980 ( d e t a i l s  o f  
samples are provided in Appendix I Va). Each 20 ml sample was d i lu te d  t o  200 
ml w i t h  beef e x t r a c t  and processed by th e  s tandard  p ro c ed u re .  The  
concentrates were assayed on the  adapted c e l l  l in e  a t  a passage level  of  195, 
which was 90 subcultures from the o r ig in a l  stock.
Out of the 72 samples processed, 37 were assayed and found t o  conta in  no 
d e t e c t a b l e  i n f e c t i o u s  v i r u s .  N e i t h e r  t h e  a d d i t i o n  of  d e x t r a n  (a p laque  
enhancer) t o  the  agar nor varying the  volume of concentrate assayed, produced 
any detectab le  v i rus  on these occasions. However, plaques always developed 
in p o s i t iv e  control  te s ts  when added concentrates of  p o l io  1 or echo 1 were 
tes ted .
To compare t h e  sensi  t  i v i t y  o f  t h e  o r i g i n a l  ce I Is w i t h  th o s e  which had 
been passaged numerous t i m e s ,  a l l  c e l l s  were  renewed from t h e  s to c k  and 
cul tured on t h e i r  o r ig in a l  growth and maintenance media. Code nos. 54 -72  were 
r e t e s t e d  w i t h  t h e  new cel  Is  and s i x  samples were found t o  be p o s i t i v e  f o r  
v i r u s .  The v i r u s  t i t r e s  ranged from 7 ,5 0 0  t o  500 pfu per  l i t r e  (126 .9  t o  
14.1 pfu per gram dry w e ig h t .  T a b le  3 .2 0 )  and v i r u s  p laques  were  more  
d i s t i n c t  and eas ier  t o  count than on previous occasions (P la te  3.5) .  Samples 
o b ta in e d  from o t h e r  sewage works and assayed a t  th e  same t i m e ,  were  a ls o  
found t o  be p o s i t iv e  fo r  v irus  (see section I I I )  which indicated t h a t  these  
f r e s h  c e l l s  appeared t o  be s e n s i t i v e  t o  w i l d  v i r u s  s t r a i n s .  To a v o id  th e  
p o s s i b i l i t y  t h a t  c e l l s  m ig h t  a l t e r  t h e i r  c h a r a c t e r i s t i c s  as a r e s u l t  of  
prolonged subculture,  c e l l s  were not used a f t e r  15 passages from the o r ig in a l  
stock. To mainta in healthy c e l l  growth i t  was a lso found necessary to  t r e a t
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the r o l l e r  b o t t le s  with  caust ic  soda every 2  months to  ' r e v i t a l i z e *  the cel  
growing area.
G. Storage M  Samp I es
Tests were made to  a scer ta in  whether samples known to  be p o s i t i v e  would 
r e t a i n  t h e i r  i n f e c t i v i t y  a f t e r  s to r a g e  a t  - 2 0 ° C  or  - I 9 0 ° C .  Two samples  
stored a t  -20°C fo r  12 weeks were reassayed and found to  be negative  (Table  
3.21).  One of the samples which was also stored a t  - I 9 0 ° C  was p o s i t i v e  a f t e r  
32 weeks storage.  Storage of two other samples a t  -190^C was s a t is f a c t o r y .  
Following t h i s  a l l  samples were r o u t in e ly  stored a t  -190°C.
IABL£ 1 , 21;. I t ie  g j le c t  o i .s.tgrgg.Q le a p s c a tu re m  v i r u s  numbers.
-20^C -I9QOC
Sludge Type/  
Sewage p lant
Orig ina l  
pfu l~ 1
Number of  
weeks stored
pfu | - l Number of  
weeks stored
pfu r '
Raw/D 29,750 1 2 N.D . (a ) _ (b) -
S e t t led
Sewage/G 307.1 1 2 M.D. 32 207.3
S et t led
Sewage/G 493.2 - - 2 0 912.1
Activated
S 1udge/G 1 , 2 0 0 — 16 1,575
(a)  Not detected
(b) Mot done
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H. later modif ications oi tho .toclûlque
Beef e x t r a c t  was used as the  e lu ent  u n t i l  stocks were depleted.  The new 
batches  of  beef  e x t r a c t  p rov ided  by th e  m a n u f a c t u r e r  (Oxoid) were of  an 
’ improved’ q u a l i t y  but  would not  p r e c i p i t a t e  p r o t e i n  a t  pH 3 .5 .  The 
s u p p l i e r s  were unab le  t o  p r o v id e  a s u i t a b l e  batch s p e c i f i c a l l y  f o r  t h i s  
purpose and an a l t e r n a t i v e  e luent  was sought. Previous observations in t h i s  
study had shown t h a t  skim m i l k  could  be used t o  e l u t e  p o l i o  I , echo I and 
C oxsack ie  85 from sewage s o l i d s .  I t  was u s u a l l y  as e f f i c i e n t  as beef  
e x t r a c t ,  formed a p r e c i p i t a t e  a t  t h e  h ig h e r  i s o e l e c t r i c  p o i n t  of  pH 4 .5 ,  
batches did not vary end i t  was cheaper. However, when d i r e c t l y  compared 
w i t h  an e f f e c t i v e  batch of  beef e x t r a c t  i t  was s l i g h t l y  less  e f f i c i e n t .  
(Table 3.22).  Nevertheless,  i t  was used fo r  subsequent ro u t in e  monitor ing of 
samples.
TABLE 3.22 Comp a r is o n  o i  1,0% k s s i  e x t r a c t  and 1.0% s k i m ml J k  I n  remov ing 
indigenous v i rus  from sludge samples
Eluent
Sludge Type Sewage P lant
3% beef e x t r a c t  
pfu dry wt
1 . 0 % skim mi lk  
pfu g“  ^ dry wt
Raw D 208.3 1 0 1 . 6
Raw F 625 379.3
Raw A 33.9 2 1 . 2
Raw F < 1 . 2 < 1 . 2
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The e l u t i o n  procedure  was f u r t h e r  s i m p l i f i e d  by e l u t i n g  v i r u s e s  a t  
ambient pH instead of pH 10. Seeding experiments indicated t h a t  the e f fe c ts  
of  pH v a lu e s  on v i r u s  e l u t i o n  were i n s i g n i f i c a n t  and s in c e  t h e  number of  
d i f f e r e n t  types and the physiochemical proper t ies  of indigenous v iruses  were 
unknown, a less  d r a m a t ic  s h i f t  in i o n i c  c o n c e n t r a t i o n s  was t h o u g h t  t o  be 
advantageous.
A minor m o d i f ica t ion  in the  agar suspended c e l l  plaque t e s t  was the  use 
of one 14 cm p e t r i  d ish  f o r  t h e  whole  sample in s te a d  of  d i v i s i o n  of  t h e  
samples into  f i v e  9 cm smal 1er ones.
The f i n a l  method adopted f o r  th e  r o u t i n e  i s o l a t i o n  o f  v i r u s e s  from  
d i f f e r e n t  samples of  sewage s lu dge  is  re p r e s e n te d  in a f lo w  d iag ram  ( F i g .  
3 . 1 ) .
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I 1 I. I ü £  ISOLATION DE .l.MD.j.gENQiJS ENTEROVIRUSES EBDE SLUDGE 
A. I M  b io log ica l  d igest ion  M  rm . sludge 
Î . .Syog.y i W  PscGmber, 1980
Raw s lu dge,  o b ta in e d  from t h e  p r im a r y  s e t t l i n g  of  raw sewage, is 
normally t rea ted  by d igest ion  in large urban wastewater t re a tm ent  p lants  and 
subse quent ly  by c o n s o l i d a t i o n  in open a i r  beds. Three  sewage works (A, B, 
and C)> each em ploying s l i g h t l y  d i f f e r e n t  d i g e s t i o n  p ro ced u res  were  
i n v e s t i g a t e d  t o  compare t h e i r  e f f i c i e n c y  in reduc ing  v i r u s  l e v e l s  d u r in g  
treatment .  The samples included raw, consolidated raw, mesophi l ic digested  
and consolidated digested sludges, and the survey was car r ie d  out from May to  
December 1980. Samples were  r e c e i v e d  from P l a n t  A t w i c e  a month,  whereas  
samples from P lan t  B and P lan t  C were received every month and fo r  p a r t  only 
of the survey period.  Al l  samples were processed as o u t l ineo  in f low c h a r t  
F ig .  3.1.
The t i t r e s  of in fect ious  v i ru s  and s e n s i t i v i t y  l i m i t s  of each t e s t  fo r  
no n -d e te c te d  v a lu e s  a re  shown in F ig .  3 .2 ,  and r e p r e s e n t  a l l  raw s lu d g e  
samples ta ken  b e f o r e  d i g e s t i o n .  The r e s u l t s  from t h i s  survey a r e  a ls o  
tabula ted in Appendix IVb.
In a l l  t h r e e  p l a n t s  l e v e l s  of  v i r u s  were c l e a r l y  i n f l u e n c e d  by t h e  
season. Thus numbers reached peaks in July and la te  O ctober /e a r ly  November 
and were low in May, June, e a r ly  September and la te  November/December. The 
h ig h e s t  recorded v a lu e s  f o r  sewage P l a n t s  (C, A, and B) were 1 ,4 2 8 .6 ,  928 .9  
and 566.3 pfu/gm dry weight re spec t ive ly .  As p a r t  of the t rea tm ent  process a t  
P lan t  B, raw sludge was f i r s t  thickened by consolidation fo r  24 h in holding  
tanks  p r i o r  t o  d i g e s t i o n .  R e s u l t s  from such samples a re  shown l a t e r  in 
F i g . 3 .7 .
The condi t ions of anaerobic mesophil ic digest ion var ied from p la n t  to  
plant but in general d igest ion was performed between 30 to  35^C fo r  25 t o  35 
days. Virus t i t r e s  of digested sludge are represented in Fig.  3.3 and i t  was 
observed t h a t  v i r u s  numbers were reduced as a r e s u l t  of  d i g e s t i o n .  Dur ing  
th e  survey p e r io d  h ig h e s t  l e v e l s  of  v i r u s  in s ludge (209.6  p fu /gm  dry wt)  
were present a t  P lant C, whereas the lowest leve ls  (52.1 pfu/gm dry wt) were
- 1 5 6 -
Recovery of indigenous enteroviruses from sludge 
samples taken from Plants A, B and C between May 
and December, 1980.
(Fig. 3.2 to 3 .5) .
KEY
P l a n t  A
P la n t  B
P la n t  C
I 1
I '
I I Below detectable level
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from Plant B. I t  v/as also found t h a t  peaks occurred in July and October and 
these corresponded to  v i ru s  peaks obtained from samples of raw sludge.
Consolidation of digested sludge from Plant A and P lan t  B was performed 
in s t a t i c  open tanks a t  ambient temperature fo r  30 to  40 days, and v i ru s  was 
d e te c t e d  in 66.7^ o f  a l l  samples (F ig .  2 .4 ) .  The h i g h e s t  t i t r e s  re corde d  
from P lan t  A and P lan t  B were 162.9 and 2 1 3  pfu/gm dry wt r e s p e c t iv e ly ,  and 
these were lower than those found in digested sludge. From an experimental  
aerob i c thermoph i I i  c d i ge s t e r  p i l o t  pI a n t  o p e ra ted  a t  5 0°C  f o r  5 days a t  
Plant A only 6  samples were obtained during the  survey but out of these 50f> 
were p o s i t iv e  fo r  v i rus  (maximum t i t r e  of  63.6 pfu/gm dry wt.  Fig.  3.5) .
The p o s i t i v e  r e s u l t s  from t h e  d i f f e r e n t  s ludge ty p e s  were  assembled  
col l e c t i v e l y  and re p r e s e n t e d  in F ig .  3.6 ( P l a n t  A) and F ig .  3.7 ( P l a n t  B and 
C). I t  must be noted t h a t  a l l  samples of  say,  m e s o p h i l i c  d ig e s t e d  and 
c o n s o l i d a t e d  d ig e s t e d  s ludge  tak en  on any one day would not be r e l a t e d  
s eq u en t ia l ly .  In fa c t  samples of digested sludge would correspond to  raw 
samples taken 25-35 days previously ,  and samples of consolidated sludge would 
correspond to  digested sludge taken 30-40 days previously.
There  was some ev id e n c e  f o r  a r e l a t i o n s h i p  between t h e  r e d u c t i o n  in 
v irus  numbers during the  successive indiv idual  stages of  t rea tm en t  although a 
noteworthy exception t o  t h i s  was a f t e r  conso lidation  of raw sludge a t  P la n t  B 
when v i rus  numbers actual  I y increased a f t e r  treatment .
T h is  a p p are n t  r e l a t i o n s h i p  was t e s t e d  n u m e r i c a l l y  by r e g r e s s i o n  
a n a l y s i s .  To do t h i s ,  a I I a v a i l a b l e  da ta  was used and i t  was assumed t h a t  
a l l  t r e a t m e n t  w o rk s  had a c o n s t a n t  d i g e s t i o n  t i m e  o f  35 days  and  
c o n s o l i d a t i o n  p e r io d  of  40 days.  The da ta  was h i g h l y  v a r i a b l e  and was 
n o rm a l i z e d  by us ing l n ( n + l ) ,  t o  e n a b le  z e r o  v a lu e s  o b t a in e d  from non-  
detectable  v irus  samples t o  be included in the  c a lc u la t io n  . Virus t i t r e s  of 
thermophi l ic  digested sludge from P lant  A and consolidated raw sludge from 
P l a n t  B were p a i re d  w i t h  t i t r e s  from co r res p o n d in g  samples o f  raw s ludge  
taken on the same day, and t h is  data was used in regression l in e  analys is .
The r e s u l t s  a re  shown in F ig .  3 .8 ,  but because of t h e  high v a r i a b i  I i t y  
of th e  v a lu es  none of th e  r e g r e s s io n  l i n e s  shown were s t a t i s t i c a l l y  
s ig n i f ic a n t .  However, the e f f i c ie n c y  and r a te  of in a c t iv a t io n  per day a t  each 
step of d igest ion can be est imated (Fig.  3.9).
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Recovery of indigenous enteroviruses from sludge samples 
taken from individual sewage treatment plants between 
May and December, 1980.
(Fig. 3.6 to 3.7) .
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Consol idat ion of raw sludge for  24 h from P lant B not only increased the  
sol ids  content from 3.0 to  5.3^ but increased the number of  v iruses recovered  
per gram dry weight of sludge by 61^. A f t e r  subsequent d igest ion  a t  30°C fo r  
35 days t h e r e  was a r e d u c t io n  of  89$ of  i n f e c t i o u s  v i r u s  e q u i v a l e n t  t o  a 
cumulative  in a c t iv a t io n  r a t e  of 6.5$ per day. This contrasted  w i th  the  lower  
ra tes  of in a c t iv a t io n  of v i ru s  obtained from P lant  A (2.3$ per day) and P lan t  
C (1.1$ per  day) .  AI though raw and d ig e s t e d  si udges from P l a n t  C c o n t a i  ned 
the highest  t i t r e s  of  v i ru s ,  sludges were not immediately disposed of t o  land 
but underwent a 3 -4  yr drying period in open beds.
Consolidation of digested sludge fo r  40 days a t  ambient temperature  a t  
Plan t  A produced a g re a te r  r a te  of in a c t iv a t io n  of v i rus  (3.8$ per day) than 
th a t  achieved i n i t i a l l y  in d igest ion.  The consolidation of digested sludge 
a t  P l a n t  B was less  e f f i c i e n t  (1 .0$ r e d u c t io n  per day) th a n  t h e  f o r m e r ,  
although samples were received in la te  September to  November, representing  
lower ambient temperatures during consolidation.  The overa l l  e f f i c i e n c i e s  of 
tre a tm en t a t  P lants  A and B were 89.7 and 86.4$ reduction in leve ls  of  v i ru s  
respecti  v e l y .
Thermophil ic d igest ion  of raw sludge proved capable of reducing v i ru s  
t i t r e s  by 90.7$ and t h i s  corresponded t o  a high i n a c t i v a t i o n  r a t e  o f  60 .3$  
v i r u s e s  per day. T h is  e q u a l l e d  t h e  e f f i c i e n c y  of m e s o p h i l i c  d i g e s t i o n  
f o l l o w e d  by c o n s o l i d a t i o n ,  th e  d i f f e r e n c e  being t h a t  t h i s  t r e a t m e n t  was 
performed in 7$ of  the  t ime.
Some of t h e  c o n s o l i d a t e d  d ig e s t e d  s ludge  a t  P l a n t  A was f u r t h e r  
dewatered  by e i t h e r  vacuum f i l t r a t i o n  or  f i l t e r  p l a t e  p re s s in g .  A few  
samples of  t h e  l a t t e r  and c o r re s p o n d in g  f i l t r a t e s  were in c lu d e d  in t h e  
survey .  A p o l y e l e c t r o l y t e ,  Ze tag  43 ,  was used t o  c o n d i t i o n  t h e  s lu dge  
b e f o r e  pressi ng.
I t  was observed (Tab I e 3 .23 )  t h a t  v i r u s  was not d e te c t e d  in t h e  f i I t e r  
pressed cake whereas on two occas ions  ou t  of  t h r e e ,  v i r u s  was d e t e c t e d  in 
t h e  f  i I t r a t e .  Of t h e  few vi  ruses  i d e n t i  f ied ,  pel iov i ruses  were  t h e  most  
common.
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The ty p e s  of  v i r u s  i s o l a t e d  from rav/ and d ig e s t e d  s lu d g es  d u r in g  t h e  
course of the study are presented in Table 3.24. The t re a tm ent  of  raw sludge 
did not appear to  a f f e c t  the range of v iruses iso la ted from d i f f e r e n t  sludge 
t y p e s ,  a l though  in some samples ,  o n ly  a small  p e rce n ta g e  o f  v i r u s e s  was 
i d e n t i f i e d .  Coxsackie B3 was more common in samples from P la n t  A compared 
w i t h  th e  o th e r  two works and C oxsack ie  B5 was t h e  most commonly i s o l a t e d  
v irus  from a l l  sewage work samples. Coxsackie Bl and B4 were found only in a 
few samples.
IM LE  11±L^ nM  .i.dei]±i.tl£giigh o i ±lqjd il i± £ £  jicsss
.aM i i i i c a i s  ^amp I os obtained from P la n t  A ,
Date
F i l t e r  Press Cake Pi 1 t r a t e
Code pfu g”  ^ Virus Types 
No.
Code pfu 1“  ^
No.
V irus  Types
21 .1 0 .80 199 < 0.42 200 < 0 .56
4 .1 1 .80 212 < 0.52 213 112.5 P I ;  P I ;  P2
P2; P3; B5
10.12.80 244 < 0.51 245 18.7 P2; P3; B5
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TABLE 5 .24  Type and frequency of  enteroviruses iso la ted  
from sewage sludge,  June -  November 1980
i ) P lan t  A
PI P2 P3 Bl B2 B3 B4 B5 B6 Echo ?
July 3 2
Aug 1 1 3 2
Sept 2 1
Oct 2 1 3 3
Nov 1 4
June 1 1
July 1 1 1. 3
Aug 1 2 1
Sept 1 1
Oct 1 1 2
Nov 2 2 1
■
July 1
Aug 1 1 1
Sept
Oct 1 3
June 1 1 1
July 2 2
Aug 2 2
a) Raw
b) Anaerobic  
Mesophi I ic  
Digested
c) Consolidated  
Anaerobic  
Digested
d) Aerobic
Thermoph i I i c  
Digested.
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TABLE 3 .24  continued;  
i i ) Plants  B and C.
July
Sept
Oct
Sept
Oct
Sept
Sept
Oct
PI £2 E l B i B2 B l B4. B l BB Echo.
PLANT B 
a ) Raw
b) Consolidated  
RaW'
c) Anaerobic  
MesophiI ic  
Digested
d) Consolidated  
Digested
July
Aug
Sept
June
July
Aug
Sept
Oct
plant C 
a ) Raw
b) Anaerobic  
Mesoph-111 c 
Digested
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i i )  Survey May to  June, 1981
The p r e v i o u s  i n v e s t i g a t i o n  showed t h a t  d i g e s t i o n  f o l l o w e d  by 
consolidation did not produce a product f re e  of in fe c t io u s  v i ru s .  To provide  
more information on the  value of digest ion of  raw sludge and t o  t e s t  f u r t h e r  
the e f f i c ie n c y  of  various trea tm ent  p lants ,  the study was repeated one year  
l a t e r .  Samples o f  raw,  d ig e s t e d  and consol i da ted s ludge  were  ta k e n  e ve ry  
week from P l a n t s  A and B f o r  two months,  dur in g  May and June,  1981. 
However, t h i s  t im e ,  samples of  consolidated raw sludge from P lan t  B were not  
included and v i ru s  iso la te s  were not id e n t i f i e d .
Virus found in raw sludges during May were s i m i l a r  fo r  both p lants  and 
averaged 307.0  p f u / g  dry wt ( F ig s .  3.10  t o  3 .1 2 ,  sI so see Appendix  Va).  T h is  
compared wi th  the  low t i t r e s  of v irus  found in raw sludge during May and June 
1980. Virus leve ls  dropped sharply in the f i r s t  two weeks of June to  such an 
extent  t h a t  samples obtained from P lan t  B contained no de tectab le  v i ru s  but 
in t h e  l a t t e r  h a l f  o f  June t h e r e  was a s teady  in c re a s e  in t h e  number of  
detectab le  viruses obtained from both sewage works.
The d.i p in v i r u s  t i t r e s  observed in June was not very  pronounced in 
samples of  d ig e s t e d  s ludge  and r e s u l t s  were more e r r a t i c  ( F i g .  3 .1 1 ) .  
Consol i  d a t io n  of  d ig e s t e d  s ludge  a t  P l a n t  B produced low t i t r e s  such t h a t  
71.4$ of  t h e  samples c o n ta in e d  no d e t e c t a b l e  v i r u s .  H ig h e r  v a lu e s  were  
recorded a t  P lan t  A and the  maximum value was 377.6 pfu /g  dry wt.  This high 
value was exceptional in t h a t  i t  was obtained from a sample conta in ing 0.24$ 
so l ids  (average so l id  content being 4.2$).
Data accumulated from each sewage t re a tm ent  p la n t ,  (represented in Fig.  
3 .13 ;  P l a n t  A and F ig .  3 .14 ;  P l a n t  B) showed t h a t  v i r u s e s  were more 
f r e q u e n t l y  i s o l a t e d  from s ludges a t  P l a n t  A. In t h e  l a t t e r  works,  f o r  tw o  
sampling weeks, the  v i rus  t i t r e s  of consolidated digested sludge were g re a t e r  
than t i t r e s  obtained from raw sludge sampled on the  same day. S i m i l a r l y ,  a t  
P lan t  B, during the f i r s t  h a l f  of June, v i ru s  was detected only in samples of  
d ig e s t e d  s ludge.  T h is  in d ic a t e d  t h a t  in t h i s  i n v e s t i g a t i o n  samples o f  
digested and consolidated sludges were re p re s e n ta t iv e  of samples taken a few 
days previously a t  the beginning of the t re a tm ent  process.
- 1 7 1 -
Recovery o f indigenous virus from sludge samples taken 
from Plants A and B between May and June, 1981.
(Fig. 3.10 to 3 .12 ).
K E Y  
Plant A
Plant B
I 1 Below detectable level
- 172 -
a: lUli! 1i!k I lij ! iIl'1^ ! □
o
0)bO"O3
rHW
gK
O
on
(^ ,-6 n*d) 3U1I1 AilAliOHdNI
t5•H
- 173 -
I I I I - I— I------r
S iIIj
iiiii,i'i'iii'i'iii'X'i'i!:'i'i'i'X'X:i'i'i'X'i'%'iwm
lilüililüilililiüüliüüül'ffiî
l'l'l'l'l'l'l!l9l!l!l'l'l'l'l'l'|i|':i|'l9l'|i|!l!l!l'l!|i;'l'l'l';!l!l!l'l'l'|i|'|i|i|iX'|i|i|i
S13
IIJ
z3
O)bOXJ3
CO
X)<u
M(U
bO•HX3
O
•HI—I
•H
JZ
ÇXO
CO<u
(,-G  n;d^ 3W ili A1IAI103JNI
fcC.•HDu
- 174 -
3Î13
ni"
î i i
!l![
I— I------1 r T"?
(,_B n*d  ^3U1I1 AilAllOHdNI
<ubO
1
x><ü
-P
CQ
0)bO
•HT3
T3û)+3
cdXJ
•H
I—IOwcoo
CM
bO
•HÙ-4
- 175 -
Recovery of indigenous enterovirus from sludge samples 
taken from individual sewage treatment plants between 
May and June, 1981.
( f ig .  3.13 to 3 .14 ).
K E Y
a Raw
# Mesophilic digested
Consolidated mesophilic digested
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The r e l a t i o n s h i p  between s ludge t r e a t m e n t  and v i rus  in a c t i v a t io n  was 
again tested by regression analys is  using the transformed data ln ( n t | ) .  The 
graph and percentage e f f i c i e n c i e s  of each stage of the t rea tm ent  process are  
shown 111 Fig.  3.15 and 3.16 resp ec t ive ly .  ,
The r a t e  of  i n a c t i v a t i o n  of  v i r u s  d u r in g  m e s o p h i I i c  d i g e s t i o n  of  raw 
s ludge  a t  P l a n t  A, was 2.4%  per day and compared f a v o u r a b l y  w i t h  t h e  1980 
r a t e .  The process a t  R i a n t  B was more e f f i c i e n t  in r e d u c in g  v i r u s e s  (4 .5%  
per day), although t h i s  value was 2% less per day than in the previous study.  
S i m i l a r l y ,  c o n s o l i  d a t i  on of  d ig e s te d  s Iudge  a t  PI a n t  A was I ess e f f i c i e n t  
than f o r m e r l y  and produced a 2.5%  r e d u c t io n  per day. The e f f e c t  of  
conso lida t ion  of sludge a t  P lant  B in 1981, s i g n i f i c a n t l y  increased the  r a te  
t o  a 5 .0^ r e d u c t io n  per day but  d i f f e r e d  from th e  1980 survey  in t h a t  
c o n s o l i d a t i o n  had been c a r r i e d  o u t  a t  a h ig h e r  am bien t  t e m p e r a t u r e .  The 
o v e r a l I  e f f i c i e n c i e s  of  th e  p l a n t s  d u r in g  198 I d id  not  v a ry  s i g n i f i c a n t l y  
from the i960 values being 82.9 and 97.0$ resp ec t ive ly  fo r  P lants  A and B.
B. Chemical condi t ioning m a  dewatering q±  r m  sludge
Some sm al le r  t rea tm ent  plants  chemical ly  condi t ion t h e i r  raw sludge and 
dewater by e i t h e r  f i l t e r  pressing or c e n t r i fu g a t io n .  The r e s u l t in g  product,  
a sludge cake, is character ised by having a high so l ids  content  and is stored  
before disposal t o  land.
The sludges from three  sewage trea tm ent  p lants  which use these methods 
were i n v e s t i g a t e d  ( P l a n t s  D, E and F). At P l a n t s  D and F f i l t e r  p l a t e  
pressing is used t o  dewater the sludge but whereas P lan t  D uses I ime/coperas  
t o  c o n d i t i o n  i t s  s l u d g e ,  a poI  y e I e c t r o I  y t e  i s  used by P l a n t  F. A 
p o l y e l e c t r o l y t e  is ai so used a t  P l a n t  E in t h e  t r e a t m e n t  o f  s lu dge  but  
dewatering there  is achieved by c e n t r i fu g a t io n .  The plants  were sampled once 
a month from May to  November I960.
Al l  the  r e s u l ts  are tabulated in Appendix IVb and the  r e s u l t s  from P lan t  
D a re  r e p r e s e n te d  in F ig .  3 .17 .  High v i r u s  t i t r e s  were observed in t h e  raw 
s lu dge ,  and th e s e  reached a peak in October  of  6  17.4 pfu g~^. Low t i t r e s  
were recorded in June and September. During September and October,  raw and 
humus s ludges  were r e c e iv e d  s e p a r a t e l y ,  and on average  humus samples  
contained 58.9$ less v i ru s  than the raw sludge. The re s u l t a n t  cake contained
—180 -
Recovery o f indigenous enterovirus from raw and f i l t e r  
pressed raw sludges taken from Plants D, E and F between 
May and December, 1980.
( f ig . 3.17 to 3 .19 ).
KEY
1
Raw and humus
Raw
Humus
Sludge cake
I 1
I I
I j  Below detectable level
- 181 -
rh
m s^s^m s^sssssa & ssm sss
w
•pc(Ür—I
cu
C3>
m
bO•H
i :
ti
+)
CnJ
I—I
PL,
CO
ro
bO•HpL,
m s s m s m s m s ^s s ^s s s s ^^m
+5
CnJI—I 
O-i
1 1 I I— I— I----- 11111 I I— I— I------11111 I— I— I— I------
: : =(^ .9 n.M) 3Xili A1IAI193JNI
I
bO•H[L,
- 182 -
TABLE 3 .25  Type and frequency of  enteroviruses  iso la ted  from 
sewage sludge.  May -  November 1980
P o i io v i ru s  Coxsackie B
PI P2 P3 Bl B2 B3 B4 B5 B6 Echo ?
June 2 PLANT D
July
Aug
Sept
2 1
1
1
a) Raw + humus 
s 1 udge
Oct 2 2 7 1
Nov. 3 3 4 3
Oct 1 b)
PLANT D 
1 ime/coperas
s 1 udge cake
June
July
Aug 1
2 2 3
c)
PLANT F 
Raw + humus
Sept 1 1 1 s 1 udge
Oct 4 1 1
Nov
June PLANT E
July
Aug
Sept
2
1
1
1
1 1
d) Raw + humus 
s 1udge
Oct 2 2 1 1
Nov
July
Aug
1
1 4 PLANT E
Sept e) Centr i  fuged
Oct 1 cake
Nov
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36.1/j dry so l ids  and v/as a lk a l in e  (pH 9-11) .  Virus was detected once in the  
sludge cake during October (0.76 pfu g ~b  when raw sludge v i ru s  t i t r e s  were 
a t  t h e i r  highest.  The v i rus  iso la ted from the s|udge cake was i d e n t i f i e d  as 
p o i io v i ru s  I ( T a b le  3 .2 5 ) .
High v i r u s  t i t r e s  were recorded  in raw s ludge samples from P l a n t  F in 
Ju ly  and August (maximum 625 pfu g” ^) but th e  d e t e c t i o n  method f a i l e d  t o  
i s o la te  any in fect ious  v i rus  in the pressed cake.
Lower l e v e l s  o f  v i r u s e s  were i s o l a t e d  from raw s ludge  from P l a n t  E 
between J u ly  and October  w i t h  t h e  peak o c c u r r in g  in J u ly  a t  240.5 pfu g“  ^
(Fig.  3.18).  Centr i fuged cake from t h i s  works contained the lowest dry s o l id  
content  (2 1 .8 / 0  of a l l  the cakes examined and v i rus  was often  recovered from 
t h is  substrate.  Cake samples taken in July and August contained higher v i rus  
t i t r e s  th an  t h e i r  c o r resp o n d in g  samples of  raw s ludge.  The e f f i c i e n c y  of  
c o n d i t i o n i n g  and c e n t r i f u g a t i o n  of  raw s ludge  a t  P l a n t  E was v a r i a b l e  ano 
ranged from a 91.6^ in c re a s e  in t i t r e s  in August t o  a 98.7^ r e d u c t i o n  in 
October.
The v i r u s e s  i s o l a t e d  and i d e n t i f i e d  from th e  s ludges  examined a re  
represented in Table 3.25. Although the survey covered the same t ime period  
as samples ta k en  from sewage works em ploy ing  d i g e s t i o n ,  C o x sac k ie  B5 was 
p re s e n t  but  po I i ov i ruses  were most common and compr ised t h e  bu lk  of  
i d e n t i f i e d  v iruses,  t o t a l l i n g  58.6^ of a l l  iso la tes .  Viruses iso la ted  from 
raw and humus sludge from P lant  D contained the most extensive range of v i ru s  
t ypes  and Coxsack ie  B3 was very  common in raw s ludge from P l a n t  D and 
centr i fuged cake from P lan t  E.
C. Consol i dat i  on surp lus ^£tj,-V^±g^l s.i.u.dgç
i ) Survey May ± q  December. I960.
The b y -p ro d u c t  of  t h e  a c t i v a t e d  s ludge  process,  s u r p lu s  a c t i v a t e d  
s lu dge ,  is usual  I y t r e a t e d  b e fo re  d is p o sa l  t o  land.  At P l a n t s  A and B, the  
process was chemica l  c o n d i t i o n i n g  of t h e  s ludge w i t h  Z e ta g  92,  a 
p o ly e le c t r o ly te ,  fo l lowed by dewatering by c e n t r i fu g a t io n .  P lan t  A d i f f e r s  
from P l a n t  B in us i ng t w i c e  t h e  amount of  poI ye I e c t r o I  y t e .  In a d d i t i o n  t o  
samples of s u rp lu s  a c t i v a t e d  and c o n s o l i d a t e d  s ludge  r e c e i v e d  from both  
works, samples of cent ra te  were a lso taken from Plant A. Samples were taken
- 184 -
t w i c e  6  month between May and December 1980 from P l a n t  A and once a month 
between June and November, 1980 from P lan t  B.
The leve ls  of v i rus  found in surplus act iva ted  sludge samples are shown 
in F ig .  3.20 and a l l  r e s u l t s  a re  t a b u l a t e d  in Appendix IVb. In 41.7/'- of  
act iva ted  sludge samples from P lan t  A v i rus  was not aetected and in the  re s t  
v irus  t i t r e s  were low, barely  reaching a maximum of 62.5 pfu g”  ^ in August. 
T h is  v a lu e  d id  not d i f f e r  g r e a t l y  from a n o n -d e te c te d  v a lu e  in O ctober  in 
which the actual  v i ru s  t i t r e  was somewhere between 0 and 44.6 pfu g“ .^
In contrast  33.3^ of samples from P lant  B were negative  and the  minimum 
va lu e  of  96.2 pfu g*"  ^ exceeded t h e  re corded  maximum from P l a n t  A. V i r u s  
leve ls  were high (maximum of 552.3 pfu g“  ^ a t  the end of July) and were of ten  
very s im i l a r  to  those found in raw sludge samples taken over the same t ime  
p e r io d  (see F ig .  3 .2 ) .
P o s i t i v e  v i r u s  t i t r e s  o f  b o th  a c t i v a t e d  s lu d g e  and subsequent  
consolidated act iva te d  sludge are represented together  in Fig 3 . 2 1 fo r  P lan t  
A and F ig .  3.22 f o r  P l a n t  B.
Dupl icate  samples from two d i f f e r e n t  batches of consolidated a c t iv a te d  
sludge were received from P lan t  A in June, July and September. For two sets  
o f  r e s u l t s ,  an in c re a s e  in s o l i d s  c o n t e n t  produced about a 500 de cre a se  in 
v i r u s  numbers,  whereas th e  o t h e r  s e t ,  w i th a more s i m i l a r  s o l i d s  c o n t e n t ,  
produced re s u l ts  d i f f e r i n g  by a fa c to r  of 1 .6 .
Virus was detected from most samples of consolidated sludge from P lan t  
A, except in August and November when act iva ted  sludge t i t r e s  were a lso  non- 
d e t e c t a b l e .  F o l l o w in g  the  c o n s o l i d a t i o n  of  s u r p lu s  a c t i v a t e d  s lu d g e  t h e  
s o l i d s  c o n te n t  rose  from 0.6 t o  3.3p and r e s u l t e d  in some cases in an 
in c re a s e  in d e t e c t a b l e  v i r u s  t i t r e s .  Of th e  7 p a i r e d  samples in which  
re su l ts  were obtained fo r  ac t iva ted  and consolidated sludge, two sets showed 
a 42.7% r e d u c t io n  in v i r u s  t i t r e s  a f t e r  c o n s o l i d a t i o n ,  v/hereas t h e  r e s t  
showed a 309.3/^ in c re a s e .  The pe rce n ta g e  in c re a se  of  v i r u s  t i t r e s  in J u ly  
was an e x c e p t io n a l  1,339.1/- in c re a s e  and t h i s  v a lu e  was not used in t h e  
c a lc u la t io n  of the mean. The maximum value recorded fo r  consolidated sludge 
from Plant A was 290.0 pfu g“  ^ in June.
The re su l ts  and i oenti  f ica t ion  of v irus  obtained from c e n t ra te  samples
- 185 -
Levels o f infectious virus isolated from surplus activated sludge 
samples taken from Plants A and B between May and December, 1980. 
( f ig .  3 .20).
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Levels of infectious virus isolated from surplus activated  
and consolidated sludge from Plants A and B between May 
and December, 1980.
( f ig . 3.21 to 3 .22 ).
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from P I an t  A a re  re p re s e n te d  in Tab I e 5 .26 .  V i ru s  was d e te c t e d  in on I y two  
o u t  of  f i v e  samples and was a t  a very  low le v e l  when d e te c t e d  ( 1 0  and 19.7
pfu 1 ” ^). No r e l a t i o n s h i p  was observed between high v i r u s  t i t r e s  in
consolidated act iva ted  sludge and v iruses iso la ted  from the cen t ra te .
Samples of both surplus act iva te d  sludge and consolidated sludge from 
P l a n t  B were n e g a t iv e  in June and November, 1980. On th e  t h r e e  o c cas io n s  
when pa i red da ta  was ova i I ab I e,  t h e  sol  ids i ncreased from 1.3 t o  4.0%  and a 
6 1.8/; r e d u c t io n  in v i r u s  t i t r e s  o ccu r red  f o l l o w i n g  c o n s o l i d a t i o n  of  t h e  
s Iudge  (Tab Ie  3 .2 7 ) .  A f t e r  th i s r e d u c t  i on, v i ruses  were s t i I  I d e t e c t e d  i n 
the  c o n s o l i d a t e d  s ludge up t o  a l e v e l  o f  244 .3  pfu g” ^. T h is  v a l u e  was
s i m i l a r  t o  t i t r e s  o b ta in e d  from P l a n t  A but  a t  P l a n t  B, s lu dge  was not
disposed of t o  land but was fu r t h e r  t re a te d  by anaerobic d igest ion.
T a b le  3.28  r e p r e s e n t s  th e  number of  v i r u s  types  i s o l a t e d  from s u r p lu s  
a c t i v a t e d  s ludge b e f o r e  and a f t e r  c o n s o l i d a t i o n .  A w ide  range o f  v i r u s e s  
were iso lated from a l l  types of sludge and Coxsackie 85 was the  most common 
! sol a te .
TABLE 3.26 The I e v e ts  q ±  I n f e c t i o u s  _virus I s o  I eted from c e n t r a t e  samp I es 
taken from p lant  Ajl
Code
number
Date of 
samp 1 e(^)
Volume 
taken (ml)
pfu Virus i d e n t i f i c a t i o n
129 22.  7 500 1 0 . 0 83
171 23.  9 450 <5.6 -
185 7.10 380 19.6 PI ; P3; 83
198 2 1  . 1 0 350 <7.1 -
216 4.  1 1 400 <6.3 —
i) 1980.
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TABLE 3.27 The e f f e c t  of  chemicaI condi t ion ing  and c o n so I idat ion by
ge-PtriJLLqatlQlliL m  i M  recovery q±  indigenous ente roviruses  
,.f r.Qpj .süriLi.ü  ^ üct lv^texi sludge.
Sewage Month 
Works ( I960 )
Virus t i t r e s  pfu 9 - ’
Surplus 
Activated  
SIuage
Consolidated % 
Surplus ac t iva ted  
S1 udge
1 ncrease
June 10.4 57.4 450.7
July 8.5 1 2 1 . 6 ( ° )  1 , 3 3 9 . | ( ^ )
P lan t  A August 61.3 255.6 317 .0
September 25.0 115.6 362.4
December 35.4 73.3 107. 1
309 ±72.9^^^
% Reduction
November 1 0 . 1 4.4 56 .2
September 42.6 30.2 29.  1
42 .7+13 .6
1 ncrease
July 552.3 244.3 55 .8
P lan t  B September 1 14.1 7.7 93.3
October 287.5 183.1 36.3
61.6+16 .7
(a)  average of 2  re s u l ts
(b) not included in mean
( c )  X ±  S . 0 .
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TABLE 3 .28  Type and frequency of  enteroviruses  iso la ted  
from May to  December, 1980: Plants A and B
PI P2 P3 Bl B2 B3 B4 B5 B6 Echo ?
June 1 PLANT A
July 1
Aug
Sept 1 1
1
a) Surplus a c t iv a te d
Oct I 2 s 1 udge
Nov 1
May 2 3 1
June 2 2 1 b) Consolidated
July 1 4 4 surplus a c t iv a te d
Aug
Sept 1
1
1 1 3
1
7 s 1 udge
Oct 2 2 1 1 4
Nov 1
Dec 4
July 1 1 2 1 PLANT B
Aug a) Surplus
Sept 2 2 1 a c t i  vated
Oct 1 1 2 s 1 udge
Sept 2 1 1 1 b) Consolidated
Oct 1 5 surplus a c t iv a te d  
s 1 udge
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i i ) P o ly e le c t r o ly t e  experiments
I t  has been shown p r e v i o u s l y  t h a t  chem ica l  c o n d i t i o n i n g  o f  s u r p lu s  
a c t iv a ted  sludge with  p o ly e le c t r o ly t e  may r e s u l t  e i t h e r  in an increase or a 
decrease  in t h e  amount of  i n f e c t i o u s  v i r u s  re co v ered  a f t e r  t r e a t m e n t ,  
compared to  t h a t  amount recovered before trea tm ent .  In general i t  was found 
t h a t  p o ly e le c t r o ly t e  trea tm ent  a t  P lan t  A caused an increase in v i ru s  t i t r e s  
w h i l s t  poI y e I e c t r o I  y t e  t r e a t m e n t  a t  p l a n t  B caused a d ecrease  in v i r u s  
t i t r e s .  Since the concentrat ion of p o ly e le c t r o ly t e  (Zetag 92) a t  p la n t  A was 
t w i c e  t h a t  used a t  P l a n t  B, i t  appeared t h a t  v a r y in g  th e  c o n c e n t r a t i o n  of  
p o ly e le c t r o ly t e  might wel l  a f f e c t  the amount of v irus  recovered from sludge 
and t h is  p o s s i b i l i t y  was investigated.
S urp lus  a c t i v a t e d  s ludge from P l a n t  A was al iquoted  i n t o  volumes  
c o n t a i n in g  a known dry s o l i  as c o n t e n t  and then in o c u la t e d  w i t h  p o l i o  I .  
A f t e r  a l lowing fo r  a period of  adsorption,  volumes of between 0.5 ml and 4.0 
ml of a 0 . 1/3 ( v / v )  s o l u t i o n  o f  Ze tag  92 were  added t o  t h e  samples.  The  
sludge f loes  were allowed to  s e t t l e  and the  sludge dewatered by p ip e t t in g  o f f  
th e  w a te ry  la y e r .  V i ru s e s  a t t a c h e d  t o  th e  c o n c e n t r a te d  f l o e s  were e l u t e d  
with skim mi lk  and the t i t r e s  adsorbed to  the  f lo e  both before and a f t e r  the  
addi t ion of p o ly e le c t r o ly te  andthe t i t r e s  of  v i ru s  f i n a l l y  e lu ted  from the  
so l ids  are summarized in Table 3 .29 ( i )  and given in Appendix I Ih. Tests were 
done in t r i p l i c a t e  and the experiment was repeated twice.
In the  f i r s t  experiment,  an average of 73.2^ of p o l io  I adsorbed t o  th e  
sludge f l o e s  p r i o r  t o  t h e  a d d i t i o n  of  Ze tag  92.  On a d d i t i o n  of  t h e  
p o l y e l e c t r o l y t e  t h e  p e rcen ta ge  of  v i r u s  adsorbed inc rea se d  t o  an average  
90.4p,  i r r e s p e c t i v e  of  th e  poI y e 1e c t r o I y t e  c o n c e n t r a t i o n  used. T h is  
d i f fe re n ce  in adsorption was analysed by comparing the means before  and a f t e r  
poI ye I e c t r o I y t e  t r e a t m e n t  and was shown t o  be h i g h l y  s i g n i f i c a n t  (T a b le  
3.30). In the  same experiment and as a r e s u l t  of increasing concentrat ions  
of poI ye I e c t r o I y t e ,  the amount of  v i ru s  elu ted from the so l ids  increased from 
39 to  84^, fo r  dosage ra tes  ranging from I.Omg Zetag 92 up to  4.0 mg Zetag 92 
per gram of dry so l ids  re spec t ive ly .
The r e la t io n s h ip  between the concentrat ion of p o ly e le c t r o ly t e  added and 
the amount of v i rus  eluted was tested numerica l ly  by an analys is  of var iance  
t e s t  ( s i n g l e  c l a s s i f i c a t i o n  method. Tab I e 3 .3 1 ,  see a I so Append i x M i  f o r  
c a l c u l a t i o n ) .  An o v e r a l l  measure of  th e  v a r i a n c e  between d i f f e r e n t
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TABLE 3 .3 0  Comparison of the means obtained from the percentage o f  v i rus  
unadsorbed before  and a f t e r  p o ly e le c t r o ly t e  a dd i t ion
Unadsorbed v i rus  {%)
mg p o ly e le c t r o ly t e Before p o ly ’ e A f t e r  p o ly ’ e t Signi  ^
per g dry sol ids x; s x; s
1 . 0 26.8 4 .65  9 .5 1 . 0 6 .16 * * *
2 . 0 11.3 6 . 6 4 .16 * *
4 .0 10.9 1 . 0 5.67 * * *
8 . 0 6 . 8 1 . 0 7 .13 * * *
TABLE 3.31 S t a t i s t i c a l analys is  of  the e f f e c t s  of  poI ye I e c t r o ! y t e
concentrat ion on the recovery of  polI io 1 from s u rp 1 us
a c t iv a te d  sludge.
Source of  v a r i a t io n Sum of Degrees of Mean t Sign^
squares f  reedom square
T reatments 0 .4 3 0 .15 6 . 6 8 *
1 . 0  p o ly ’ e 0 .28 1 0 .28 12.55 * *
2 . 0 0.04 1 0.04 1 .96 N.S.
4 .0 0 .13 1 0.13 6 . 0 *
8 . 0 0.14 1 0 .14 6 .3 *
Error 0 .17 8 0 . 0 2
Tota 1 0.61 1 1 0 .06
* * *
*
N.S.
Very h ighly  s i g n i f i c a n t  P = 0.001
Highly s i g n i f i c a n t  P = 0.01
S ig n i f i c a n t  P = 0.025
Not s i g n i f i c a n t  P = 0 .05
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t r e a t m e n t s  was shown not t o  be h i g h l y  s i g n i f i c a n t  (P = < 0 .02 5 ) .  However,  
analys is  of indiv idual  p o ly e le c t r o ly t e  treatments indicated t h a t  the add i t ion  
of the lowest p o ly e Ie c t r o Iy t e  concentrat ion tes ted ,  which was, in c id e n t a l l y ,  
e q u i v a l e n t  t o  th e  dosage r a t e  used a t  P l a n t  B (e.g.  I.Omg o f  Z e tag  92 per g
s o l id s ) ,  produced a lower recovery of eluted v irus.
The second experiment produced t o t a l l y  d i f f e r e n t  r e s u l t s  from the f i r s t ,  
in t h a t  the add i t ion  of p o ly e le c t r o ly t e  did not appear to  a f f e c t  the amount
of v i rus  adsorbed t o  or eluted from sludge so l ids .  In a d d i t io n ,  the  lowest
recovery of v i rus  e lu ted  in the second experiment was I4.3^> compared to  a low 
of 38.9^ obtained from the f i r s t  experiment.
S im i la r  o vera l l  r e s u l ts  were a lso obtained in another experiment,  using
surp I us a c t i v a t e d  si udge from PI a n t  5 (Tab 1 e 3 .29  [  i i J ) .  A I ow r e c o v e r y  of
v i r u s  was o b ta in e d  in t h e  e l u e n t  and t h i s  ranged from 14.3 t o  o n ly  2 9 .9 % .  
Furthermore,  analys is  of the  re s u l ts  obtained from the la s t  two experiments  
showed t h a t  the  e f f e c t  of p o ly e le c t r o ly t e  on the adsorption and e lu t io n  of
v i ru s  t o  and from f lo e s  was not s ig n i f ic a n t .
F i n a l l y ,  in order to  determine the e f f e c t  of Zetag 92 on the  recovery of 
indigenous v i ru s  from sludge a p o ly e le c t r o ly t e  experiment was performed a t  
P lan t  A. This was achieved by varying the i n l in e  feed of p o l y e l e c t r o ly t e  t o  
th e  s u r p lu s  a c t i v a t e d  s ludge p r i o r  t o  c e n t r i f u g a t i o n .  U n f o r t u n a t e l y ,  t h e  
e x p e r im e n t  was per form ed in March,  1981, when l e v e l s  o f  e n t e r o v i r u s e s  in 
sewage are genera l ly  low, and no in fec t ious  v i rus  was recovered.
—196—
IV. IM£ JLU£iJÜ£JJg£ Q l lüE i^ CIl.VA.T£D £LUDÜE TREATMENT PROCESS m IM£ 
D1STRJBUII.QN ÆD £AI£ DE JjJDiDEHDUS VIRUSES
A. ,Ent.eEgY.lrus.ê.s
Previous seeding experiments wi th laboratory s t r a in s  of  v i ru s  had shown 
t h a t  a s i g n i f i c a n t  p r o p o r t i o n  of  v i r u s  became s o l i d  a s s o c i a t e d .  The 
d i s t r i b u t i o n  of  v i r u s  between t h e  l i q u i d  and s o l i d  phase of  d i f f e r e n t  
p roduc ts  o f  t h e  a c t i v a t e d  s ludge  process a t  P l a n t  G was i n v e s t i g a t e d .  
Samples of rav; sludge, primary s e t t le d  sewage, ac t iva ted  sludge and a c t iv a te d  
s ludge  e f f l u e n t  were s e p a r a te d  in t o  sol  ids and I iq u id s  and each processed  
separate ly .  Samples were taken once a month between July 1980 t o  June 1981. 
Results were expressed in pfu per l i t r e  fo r  l iq u id  samples and pfu per gram 
of so l ids  e qu iva lent  per l i t r e  fo r  so l id  samples.
The numbers of v iruses iso la ted  from s o l id  and l iq u id  f r a c t io n s  of raw 
sludge and so l ids  content of each sample are shown in Fig 3.23 and ta bu la ted  
in Appendix V ic .  V i r u s  was not i s o l a t e d  in September and December 1980 or  
January and February 1981. Two main peaks occurred in November 1980 and May 
19 8 1 g i v i n g  15,312.5 and 7 ,2 5 0  pfu I ( s o l i d s )  r e s p e c t i v e l y ,  and t h e  
m a jo r i ty  of v iruses were s o l id  associated.  The r e s t  of  the  samples produced 
much lower t i t r e s  and the maximum amount of v i rus  iso la ted  from the  l iq u id  
phase was only 100 pfu 1“  ^ in May 1981.
Virus was recovered from most samples of s e t t le d  sewage and reached a 
peak in June o f  698,5 pfu 1”  ^ ( t o t a l  v i r u s  c o n t e n t ) .  F ig  3 .2 4 .  A I a r g e r  
proport ion of v iruses was detected in the l iqu id  phase, than was found in raw 
sludge samples, and the sol id: I  iquid r a t i o  var ied from month t o  month. This  
sol id ; l i q u id  r a t i o  varied  between 1:0.7 in August and 1:272.8 in January. No 
r e la t io n s h ip  was observed between the percentage of s o l id  associated v i ru s  
and the so l id  content of each sample.
V i ru s e s  were  more f r e q u e n t l y  i s o l a t e d  from s e t t l e d  sewage th an  raw 
sludge and the month t o  month patterns  of i s o la t io n  of v i ru s  from each showed 
l i t t l e  resemblance to  one another. This may have indicated t h a t  e i t h e r  the  
method f a i l e d  t o  e l u t e  v i r u s  from raw sludge or t h a t  more v i r u s e s  were  
a ss o c ia te d  w i t h  th e  s e t t l e d  sewage, which c o n ta in e d  t h e  l i q u i d  and s ma l l  
p a r t i c l e  phase obtained from the primary s e t t l i n g  of raw sewage.
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Levels of infectious virus isolated from solid and liqu id  
fractions of wastewater treatment samples taken from Plant G 
between July 1980 and June 1981.
( f ig .  3.23 to 3 .26).
KEY
Solid phase 
iiliU  Liquid phase
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L e v e ls  o f  v i r u s e s  I s o l a t e d  from a c t i v a t e d  s ludge samples ( F i g .  3 .25 )  
were s im i l a r  t o  leve ls  in s e t t l e d  sewage but d i f f e r e d  in t h a t  v i ru s  t i t r e s  
were h ig h e r  (maximum of  12,000 pfu 1“  ^ in March) and v i r u s e s  were  
p r e f e r e n t i a l l y  attached t o  so l ids .  An exception to  t h i s  was the sample taken  
in March when 40 pfu 1*"^  were d e te c t e d  s o l e l y  in t h e  l i q u i d  phase.  As 
before,  no re la t io n s h ip  was observed between s o l id  associated v i ru s  and the  
so l id  content of samples.
Few viruses were found in the  ac t iva ted  sludge e f f l u e n t  from P la n t  G and 
th e  r e s u l t s  a re  shown in F ig .  3 .26 .  I n 66.7^ of  samples v i r u s  was 
a s s o c ia te d  o n ly  w i t h  t h e  s o l i d s  which re p re s e n te d  0 . 0 0 0 1  ^ o f  t h e  t o t a l  
volume, w h i le  in October and January, a much larger  proport ion of  v iruses  was 
r e c o v e r e d  f r o m  t h e  l i q u i d  ( 4 . 6  and 2 0 .9  p fu  1”  ^ r e s p e c t i v e l y ) .  An 
exp I ana t i  on f o r  th  i s s h i f t  from sol  ids  t o  l i q u i d  cou I d have been t h a t  in 
October heavy r a i n f a l l s  occurred one week before  sampling and two weeks l a t e r  
the act iva ted  sludge tanks developed foaming problems due t o  the bulk ing of 
the act ivated sludge. S i m i l a r l y ,  the  January sample was taken a t  a t im e  when 
t h e r e  were s e r i o u s  foaming and b u lk in g  problems in th e  a c t i v a t e d  s ludge  
tanks. In r e l a t i o n  t o  t h i s ,  i t  was previously  observed t h a t  in the  January 
sample of a c t iv a ted  sludge the v i rus  was p re fe r e n t ia l  ly found in the  l iq u id  
phase and not attached to  sol ids.
The percentage of v i rus  obtained a f t e r  t rea tment  of s e t t l e d  sewage by 
the act iva ted  sludge process and the overa l l  percentage reduct ion of  v i r u s  in 
th e  e f f l u e n t  is  shown in T a b le  3 .33 .  I f  t h e  March v a lu e  of  27 17$ is  
in c lu d e d ,  t h e  a c t i v a t e d  s ludge  process a c t u a l l y  in c re ase d  t h e  number of  
d e t e c t a b l e  v i r u s e s  by 3 8 0 .2 $ ,  a l th o u g h  w i t h  t h i s  v a lu e  e xc lude d  t h e  
percen tage  was o n ly  88.1$.  The o v e ra l  I r e d u c t io n  of  v i r u s e s  found in th e  
f i n a l  e f f l u e n t  was an average  90.6$ bu t  in 60$ of  cases t h e  p e r c e n ta g e  
r e d u c t io n  was over  99.3$.  The p e rc e n ta g e  r e d u c t io n  in F e b ru ary  was o n ly  
7 3 .7 $ and on t h i s  o c ca s io n ,  i t  was observed t h a t  t h e  e f f l u e n t  sample  
c o n ta in e d  an above average  s o l i d  c o n t e n t ,  which m ig h t  have led t o  h ig h e r  
numbers of so l id  associated viruses.
Al l  of the previous experiments were performed using acid p r e c i p i t a t i o n  
as a means of concentrat ion.  This method was less s en s i t iv e  fo r  l iq u id s  than 
sol i ds, so t h a t  i n an e f  f  I uent  santp I e a sensi t  i v i t y  l i m i t  of  I ess th a n  6.3 
pfu l""1 was o b ta in e d  f o r  t h e  l i q u i d s  compared t o  less than 0,3  pfu 1“  ^ f o r
- 201 -
the  sol ids.  F i l t r a t i o n  was investigated as a p o t e n t i a l l y  more s e n s i t i v e  and 
e f f i c i e n t  method than acid p r e c i p i t a t i o n  fo r  recovering v iruses from s e t t l e d  
sewage and e f f l u e n t .  The r e s u l t s  a r e  shown in T a b le  3 .5 2 .  A l though  
f i l t r a t i o n  of samples enabled detect ion  of  v iruses a t  a much lower le v e l ,  the  
v i r u s  t i t r e s  recorded  were  a lw a ys  less  th an  t i t r e s  o b t a in e d  from t h e  same 
sample by a c id  p r e c i p i t a t i o n .  Acid p r e c i p i t a t i o n  was found t o  be both t h e  
s i m p l e s t  and most e f f i c i e n t  method t e s t e d  and el  im in a te d  t h e  need f o r  an 
ext ra  concentrat ion step required in the  f i l t r a t i o n  process.
V i ru s e s  i s o l a t e d  and i d e n t i f i e d  d u r in g  th e  course  o f  t h e  s tudy  a re  
r e p r e s e n te d  in T a b le  3 .34 .  C oxsack ie  B5 was th e  most common i s o l a t e ,  
c o m p r is in g  54.1$ o f  e l l  i s o l a t e s ,  and was t h e  dominant v i r u s  found in 
a ct iva ted  sludge e f f l u e n t .  Coxsackie E<2 and B4 were found towards the end 
of the survey period in May and June 1981.
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TABLE 5.32 Comparison q 1  ,f.U..tr.glIfl.D m d  â Q lû  p x £ g i . p i o n  jpg.tiiQd.s JLor 
rgçoyor.l£ig .indigoPQ.us onterQv.l.r.u.sos Ixom c i a r i f le d  .samples M  primacy s e t l l e i l  
sewage a W  act  I vated s.! udge e f f l u e n t .
Method
Date^^) Sample F 11t r a t i o n  Aci d
p r e c i p i t a t i o n  
pfu 1”  ^ pfu l~^
24.3 S e t t le d  Sewage 60.0 _ (b)
5 .4 S e t t le d  Sewage 5 1.8 493.2
E f f 1uent 0 .3 < 5 .3
4.5 Set t led  Sewage 1 1 . 0 21.4
E f f 1uent < 1 . 0 < 5 . 3
2 . 6 S et t le d  Sewage 61.0 572.7  
< 5 .3
(a )  1981
(b) Not done.
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TABLE 3 .34  Type and frequency of  enteroviruses  (so la ted  from P lan t  G 
July 1980 to  June 1981
Aug
Sept
Oct
Nov
Dec
Jan
Feb
Mar
Apr! I
May
June
July
Aug
Sept
Oct
Nov
Dec
Jan
Feb
Mar
Apr! I
May
June
£ 1 £ 2 P3 Bl B2 B3 B4 33 B6 Echo
c) A c t iva ted  sludge
d) A c t iv a ted  sludge  
e f f I u e n t .
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TABLE 3 .34  continued
PI P2 P3 Bl B2 B3 B4 B5 B6 Echo , ?
Aug 1 3 1
Sept
Oct
Nov 2
Dec
Jan
Feb
Mar
Apri 1 1
May 1 2 1 2
July 3 1
Aug 1 1
Sept 1 2 1
Oct 1 1 3
Nov 5
Dec 2 1 7
Jan 1
Feb 1 3
Mar 1
Apri 1 1 1 1 7
May 1 4 3 2 1
June 1 2 1 1
a) Raw sludge.
b) Primary s e t t l e d  
sewage.
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B. Rotaviruses
Stored samples
Samples o b ta in e d  from t h e  v a r i o u s  d i f f e r e n t  sewage t r e a t m e n t  p l a n t s  
d u r in g  t h e  1980 s u rv e y ,  which had a l r e a d y  been assayed f o r  e n t e r o v i r u s  and 
s u b se q u e n t ly  s to re d  a t  - 190°C, were f u r t h e r  assayed f o r  t h e  p resence  of  
ind igenous r o t a v i r u s .  C o n c e n t ra te s  assayed by im m unof luoresc ence  were  
o r i g i n a l l y  o b ta in e d  from samples ta k e n  between November and December 1980 
from both t rea tm ent  Plants  A and G. Although most of the  samples from P lan t  
A tested were cy to tox ic  even before the  complet ion of the t e s t ,  the  remaining  
samples of s e t t l e d  sewage and act iv a ted  sludge from P lan t  G were less t o x ic  
but were nevertheless negative.
LyphogeI (a h y d r o p h i l i c  g e l )  was added t o  sample c o n c e n t r a t e s  in an 
atempt t o  overcome c y t o t o x ic i t y  problems and t o  f u r t h e r  concentrate  v iruses  
p r e s e n t  in samples.  A t o t a l  of  5 -1 5  pI of  c o n c e n t r a t e  was assayed by 
i mmunofIuorescence but  s t i l l  found t o  be t o x i c  t o  ce l  Is .  A f t e r  t h i s ,  t h e  
assaying of stored samples to  detect  r o ta v i ru s  was discontinued.
i i^ . £msh
The i s o l a t i o n  o f  r o t a v i r u s  f ro m  f r e s h  s a m p l e s  o f  sew age  was 
investigated.  Samples of s e t t l e d  sewage, act iva te d  sludge and e f f l u e n t  were 
taken from P lan t  G between March and June, 1981. Al l  samples were processed 
by the sal mine technique and fu r t h e r  concentrated by c e n t r i f u g a t io n  to  0 . 2  ml 
to  increase the p r o b a b i l i t y  of detect ing indigenous ro ta v i ru s .
Virus was detected in a l l  sample types including one sample of  a c t iva te d  
sludge e f f l u e n t  ta ken  in l a t e  March,  198 I ( T a b le  3 .3 5 ) .  T i t r e s  ranged from  
370 to  8,500 f luorescent  foci  1“  ^ fo r  samples of ac t iv a ted  sludge and s e t t l e d  
sewage r e s p e c t i v e l y .  T i t r e s  o b ta in e d  from samples ta k e n  in l a t e  A p r i l  
suggested t h a t  v i rus  leve ls  were decl in ing  and in May and June v i ru s  leve ls  
went below the l i m i t  of detect ion t o  such an extent  t h a t  v i rus  could not be 
detected in a 20 l i t r e  sample of s e t t l e d  sewage. Electron microscopy of a 
concentrate of th is  las t  sample showed i t  to  contain large numbers of  t a i l e d  
b a c t e r io p h a g e -1  ike  p a r t i c l e s  and numerous la r g e  and sm al l  f e a t u r e  I ess
- 207 -
icosahedral  viruses.
The v/ork was f u r t h e r  extended in an a t t e m p t  t o  d e t e c t  r o t a v i r u s  in 
sludge samples w i th  a high content of sol ids .  Samples of raw, digested and 
consolidated digested sludge were received from Plants  A and B between May 
and June 1981 and processed by th e  sal  m i ne t e c h n iq u e .  Samples were a ls o  
processed by th e  s ta n d a rd  e l u t i o n ,  co n ce n tra t io n  procedure and assayed f o r  
the presence of enteroviruses (see section I I A).
D e t a i l s  o f  samples and sample volumes t o g e t h e r  w i t h  th e  r e s u l t s  a r e  
prese nted  in Appendix  Vb. Out of  t h e  f i r s t  few samples assayed f o r  t h e  
presence of r o t a v i r u s e s ,  a l l  were  n e g a t i v e .  As a r e s u l t  of  t h i s  sample  
volumes were increased from 2 0  ml up t o  2 0 0  ml t o  increase the s e n s i t i v i t y  of 
each te s t .  Some of these samples were cyto tox ic  and of the remaining samples 
which were assayed, none were found to  contain ro ta v i ru s .  In a dd i t ion ,  t h i s  
increase in c y t o t o x ic i t y  with sludge samples may have been responsible  fo r  an 
observed increase in non-spec i f ic  f luorescence.
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V. IDENTIFICATION OF INDIGENOUS ENTEROVI RUSES 
A. CharQCter.isa.tl.on a i  jioLl.o.v.LrMS iso la tes
A t o t a l  of  45 I s o l a t e s  ( 16 of  pol l o i ,  16 of  pol io 2 and 13 of  pol io 3)  
were character ised by the RCT and marker d te s ts  (Table 3.36).
On the  basis of these te s ts  a l l  p o l io v i ru s  2 and 3 iso la te s  were found 
t o  be v a c c in e  ty p e .  However,  t h r e e  i s o l a t e s  of  p o l i o  1 were  a p p a r e n t l y  
designated as being v i r u l e n t  types because they re p l ic a te d  t o  high t i t r e s  a t  
4 0 .5 °C and plaqued in a c i d i c  c o n d i t i o n s .  The i s o l a t e s  a l l  came from  
d i f f e r e n t  sample types (centr i fuged surplus act iva ted  c e n t ra te .  P la n t  A; raw 
and humus c e n t r i f u g e d  cake.  P l a n t  E; raw and humus m ix .  P l a n t  F) and were  
re la te d  in t h a t  they were a l l  iso lated during October, 1980 when en te rov i rus  
i so la t ions  were a t  t h e i r  highest.
B. Enteroviruses i d e n t i f i e d  over ±im period May 1980 ± q  June 1981
Viruses id e n t i f i e d  during the course of t h i s  study were c o l la t e d  and the  
numbers used to  c a lc u la t e  the percentage of d i f f e r e n t  v i rus  types iso la ted  in 
r e la t i o n  t o  the to t a l  number of viruses iso la ted per month (Table 3.37) .  The 
most common v irus  iso la ted during the  study period was undoubtedly Coxsackie  
B5. In contrast ,  Coxsackie Bl ,  B2, and 84 were r a r e ly  iso la ted  and Coxsackie  
B6  was not iso la ted a t  a l l .  Nevertheless,  i t  was noticed t h a t  the number of  
Coxsackie B2 and B4 iso la tes  in 1961 had s l i g h t l y  increased from t h e i r  1980 
levels .  A changing pat tern  of serotype prevalence was a lso i d e n t i f i e d  fo r  
Coxsack ie  83 w i t h  i s o l a t i o n s  common in 1980, but  a p p a r e n t l y  dec I i n i n g  in 
numbers in 1981.
Po l io  I ,  2 and 5 were iso lated with  s i m i l a r  frequencies throughout the  
survey period and accounted fo r  31.3$ of a l l  v i rus  iso la t io n s .  Echoviruses  
were i s o la t e d  on o n ly  r a r e  occas ions  and o n ly  a few i s o l a t e s  were  never  
i denti  f l e d .
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Because t h e  a d s o r p t io n  o f  v i r u s e s  t o  s o l i d s  In v o lv e s  p h y s lo c h e m le a l  
i n t e r a c t i o n s  w i t h  s u r f a c e  v i r a l  p r o t e i n s .  I t  Is  h a r d ly  s u r p r i s i n g  t h a t  
v i r u s e s  behave d i s s i m i l a r l y  w i t h  r e s p e c t  t o  t h e i r  a b i l i t y  t o  adsorb t o  
d i f f e r e n t  types of so l ids .  I t  Is wel l  establ ished t h a t  p o l lo v l ru s  1 adsorbs 
w e l l  t o  s o l i d s  and In t h i s  s tudy  ( a f t e r  a n a ly s in g  a l l  a v a i l a b l e  data)  on I y 
about in %  of  v i rus  remained In the  supernatent,  leaving a presumed 97.3^ of  
v i ru s  adsorbed t o  the a c t iv a te d  sludge f loes .  Likewise 99.8$ of  SA-11, 92.1$ 
of Coxsackievirus 85 and only 76.9$ of echovlrus 1 were apparently  adsorbed 
t o  a c t i v a t e d  s lu dge  f l o e s .  Gerba jg± a l . ,  ( I 9 6 0 )  a ls o  found t h a t  99$ of  
p o l l o v l r u s  I adsorbed t o  a c t i v a t e d  s ludge  f l o e s ,  but In a d d i t i o n  observed  
t h a t  e c h o v l r u s  1 I s o l a t e s  d i f f e r e d  in t h e i r  a b i l i t y  t o  adsorb t o  f l o e s ,  
v a r y in g  from 67 t o  95$ .  In d i f f e r e n t  work,  Goyal and Gerba (1979)  found  
th a t  d i f f e r e n t  types of so i l  could d ra m at ic a l ly  a f f e c t  the percentage of  SA- 
11 v i rus  adsorbed t o  so l ids .  The percentages of  p o l lo v l ru s  And SA-11 v i rus  
adsorbed t o  a c t i v a t e d  s lu dge  f l o e s  have been r e p o r t e d  by o t h e r s  ( F a r r a h  ^  
a ! . .  1978; Pancorbo ^  1981) t o  be much lower  than th o s e  r e p o r t e d  in
t h i s  I n v e s t i g a t i o n .  However,  th e  c o n f l i c t i n g  r e s u l t s  r e p o r t e d  in t h e  
I i t e r a t u r e  may be e x p la in e d  by t h e  f a c t  t h a t  th e  chem ica l  c o m p o s i t io n  o f  
s ludge  v a r i e s  from p l a n t  t o  p l a n t ,  a f a c t o r  which u l t i m a t e l y  must a f f e c t  
v i r u s  a d s o r p t io n .  For in s ta n c e ,  97.3$ o f  p o l l o v l r u s  1 was 'a dsorbed '  t o  
ac t iv a ted  sludge from P lan t  G, w h i l s t  only 84.8$ of  v i rus  apparently  adsorbed 
to  surplus act iva ted  sludge from P lan t  A. These re s u l ts  were cons is ten t  w i th  
t h e  p u b l is h e d  r e s u l t s  of  Pancorbo q±  a l . ,  (1981) who found t h a t  t h e  
percentage of v i rus  adsorbed t o  so l ids  was Influenced by the  types of  so l ids .  
Another v a r i a t io n  observed was t h a t  anaérobic digested sludge from P lan t  A 
was less e f f i c i e n t  a t  adsorb ing  v i r u s  th an  a c t i v a t e d  s lu dge  from t h e  same 
works. For example only 14.9$ of echovlrus I was found to  be adsorbed t o  the  
I a t t e r  substrate.
The bacteriophage f2 was an example of a v i rus  which adsorbed poorly t o  
s o l i d s  and t h i s  agreed w i t h  th e  o b s e r v a t io n s  o f  Goya I and Gerba ( I 979) who 
noticed t h a t  f 2  showed l i t t l e  or no adsorption t o  organic so l id s  when tested  
a t  pH 6.0.  A lso ,  Moore ^  ^ . ,  (1975) found t h a t  f2  was u n l i k e  o t h e r  
v i r u s e s ,  in t h a t  i t  was u n i n f e c t i v e  in i t s  adsorbed s t a t e .  In t h e  p r e s e n t  
study  o n ly  a smal I pe rc e n ta g e  of  th e  adsorbed v i r u s  was e ver  removed from  
sol ids  but whether th is  was due to  in a c t iv a t io n  or whether f 2  was d i f f i c u l t
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t o  remove once adsorbed, is hard t o  determine, A contr ibu to ry  fa c to r  to  the  
loss of  r e c o v e r a b l e  v i r u s  in seeding e x p e r im e n t s  may be t h a t  p ro longed  
a d s o r p t io n  (as long as 1 2  h in t h i s  s tudy)  can reduce t h e  number of  
recoverab le  v iruses (Berg and Dahling,  1980),
The re s u l ts  obtained fo r  the e lu t io n  of viruses from so l id s  were h igh ly  
v a r ia b le .  Ind ica t ing  t h a t  the successful e lu t io n  of  v i rus  was e r r a t i c .  For  
I n s t a n c e ,  on average  45.3$ o f  pol l o v l r u s  I was e lu t e d  from v a r i o u s  s ludge  
s o l i d s  w i t h  3$ beef  e x t r a c t  a t  pH 10,  bu t  r e c o v e r i e s  ranged f rom  10.1 t o  
94 .3 $ ,  As In s e v e ra l  o t h e r  r e p o r t e d  s t u d i e s ,  no s t r i k i n g  d i f f e r e n c e s  were  
observed between e lu t in g  v i ru s  from so l id s  wi th  or w i thout son I ca t ion  or a t  
d i f f e r e n t  pH values (Wei l ings s ±  1976; Glass ^  s i» ,  1978). The studies
In which beef e x t r a c t  and c a l f  serum were compared Indicated t h a t  d i f fe ren ces  
between these e luents  were n e g l ig ib le .  No d i f fe re n ce  was observed by e lu t in g  
viruses w i th  0.3$/0.5$ beef e x t r a c t  or 3.0$ beef e x t ra c t ,  although the  former  
was less e f f i c i e n t  fo r  the concentrat ion of  viruses because i t  produced only  
a l i g h t  p r e c i p i t a t e  when f l o c c u l a t e d  a t  a c i d i c  pH va Iues.  Landry s i  a I . .  
(1978) a lso  noted t h a t  1$ beef e x t r a c t  was as e f f i c i e n t  as 3.0$ beef e x t r a c t  
In removing p o l lo v l ru s  1 adsorbed to  membrane f i l t e r s .
In g e n e r a l ,  o r g a n ic  e l u e n t s  and sodium dodecyI  s u lp h a t e  were  equal  I y 
e f f i c i e n t  a t  desorb ing  p o l l o v l r u s  I ,  e c h o v l r u s  I and t o  a l e s s e r  e x t e n t  
Coxsackievirus B5. Sodium dodecyI sulphate.  Is known to  be v i r i c i d a l  a t  low 
pH v a lu e s  (Ward and A sh ley ,  1979a) ,  and t h e  advantage  o f  us ing  beef  e x t r a c t  
o r  m i l k  as e l u e n t s .  Is t h a t  both p r o v id e  a s im p le  mechanism f o r  f u r t h e r  
c o n c e n t r a t i o n  by o rg a n ic  f l o c c u l a t i o n .  N e v e r t h e l e s s ,  r e s u l t s  o b ta in e d  
throughout t h i s  Inv es t iga t ion  fo r  both seeded and Indigenous v i ru s ,  suggested 
t h a t  skim mi lk  was less e f f i c i e n t  than beef e x t r a c t  In e lu t in g  v i ru s .  This  
may be because skim mi lk  a t  s l i g h t l y  a lk a l in e  pH values is thought to  be more 
e f f i c i e n t  a t  e l u t i n g  v i r u s  than a t  a m b ie n t  pH ( B i t t o n \ & ±  a l . ,  1979a) .  In 
a dd i t ion ,  d i s t i l l e d  water used as an e lu en t  desorbed only a small percentage  
of v i ru s ,  whereas Zetag 92 was a very i n e f f i c i e n t  e luent ,  possibly  because i t  
a id ed  t h e  b in d in g  o f  v i r u s  t o  t h e  sol ids.  Bov ine serum a lb u m in ,  a n o th e r  
el uent t e s t e d  a t  a I a t e r  da te  t o  r e c o v e r  SA-11 from a c t  i v a t e d  p l a n t  s lu dge  
f lo e s  was capable of recovering about h a l f  of the recoverable v i rus  and was 
as e f f i c i e n t  as other eluents tested.
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Another f a c t  observed during t h i s  inves t iga t ion  was t h a t  no more than 
50$ of p o l lo v l ru s  was ever elu ted from so l ids  whereas Coxsackievirus B5 and 
echovirus I were o ften  e lu ted with e f f i c i e n c i e s  In excess of  100$. This may 
suggest t h a t  whereas e c h o v l r u s  I and C o x s a c k ie v i ru s  B5 fo rm a loose  
associat ion w i th  the  so l ids  and are consequently eas ier  to  e lu t e ,  p o l lo v l ru s  
I may bind t i g h t l y  t o  so l id s  and is th e re fo re  harder t o  remove.
S im i la r  recover ies  of p o l lo v l ru s  I t o  those reported In t h i s  study were 
reported by Glass e± s i» ,  (1978),  who also used 3$ beef e x t r a c t  a t  ambient pH 
t o  e l u t e  v i r u s  from a n a e ro b ic  d ig e s t e d  s ludge.  However,  h i g h e r  r e c o v e r i e s  
than  th e s e  were  r e p o r t e d  f o r  th e  e l u t i o n  of  p o l l o v l r u s  I from a c t i v a t e d  
s l u d g e  f l o e s  by H u r s t  s i  a l . ,  ( 1 9 7 8 )  and F a r r a h  s i  â l» ,  ( 1 9 8 1 a ) .  
Discrepancies of t h i s  kind found throughout the l i t e r a t u r e  may be expla ined  
by t h e  o b s e r v a t i o n s  of  Pancorbo s i  a I . .  (1981) who found t h a t  t h e  ty p e  of  
so l id  not only Inf luences adsorption of v i rus  t o  so l ids  but a lso  a f f e c t s  the  
e l u t i o n  o f  v i r u s .  Al though in th e  p r e s e n t  study no obv ious  d i f f e r e n c e s  i n 
the amount of  v i rus  desorbed from act iva ted  sludge or a n aerob ica l ly  digested  
sludge were noticed.  I t  is not surpr is ing  t h a t  the  Individual  c h a r a c t e r i s t i c s  
of a p a r t i c u la r  sludge w i l l  a f f e c t  both v i rus  adsorption t o  and v i ru s  e lu t io n  
from sol Ids.
Of the methods of concentrat ion investiga ted ,  acid p r e c i p i t a t i o n  was the  
most e f f i c i e n t ,  fo l lowed by hydroextract ion and then the salmi ne technique.  
The c o n c e n t r a t i o n  o f  p o l l o v l r u s  I from e i t h e r  beef  e x t r a c t  o r  skim m i l k  
e lu e n t s  by a c id  p r e c i p i t a t i o n  was found t o  g i v e  s i m i l a r  r e s u l t s  and th e s e  
concurred  w i t h  t h e  f i n d i n g s  of  B I t t o n  jgj: ^ . ,  (1979b) .  However,  whereas  
Katzenelson ^  a i . ,  (1975) reported t h a t  organic f lo c c u la t io n  of beef e x t r a c t  
recovered 68-123$ of  po l lo v l ru s  1, in t h i s  study, organic f l o c c u la t i o n  was 
on I y found t o  be 40$ e f f i c i  e n t .  T h is  lower  e f f i c i  ency agrees  w i th  resu I t s  
published by Morr is  and Waite (1980a) who also discovered t h a t  Coxsackievirus  
B5 and echovirus I were not as e f f i c i e n t l y  concentrated by t h i s  technique as 
p o l l o v l r u s  I .  L i k e w i s e  B i t t o n  s i  a l . ,  (1979a )  found t h a t  a l t h o u g h  o r g a n ic  
f l o c c u l a t i o n  of  skim m i l k  e lu e n t s  rec o v e re d  s u b s t a n t i a l  amounts o f  p o l i o  
V i rus 1, t h e  method was poor a t  c o n c e n t r a t i  ng echov i rus 1. The resu  I t s  of  
th e  p re s e n t  study in d i c a t e d  t h a t  C o x s a c k ie v i r u s  85 and t o  a l e s s e r  e x t e n t  
echovirus I ,  were not e f f i c i e n t l y  concentrated from skim m i lk  e luents .  The 
reason for  t h i s  appeared to  be t h a t  the v i rus  did not adsorb very wel l  t o  the  
organic f lo e  and as a consequence was los t  t o  the supernatant.
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The c o n c e n t r a t i o n  o f  e lu e n t s  by h y d r o e x t r a c t i o n  rec o v e re d  about one 
quarte r  of the I n i t i a l  input of  v i ru s ,  i r re s p e c t iv e  of whether the v i ru s  seed 
was p o l l o v l r u s  I or SA-11.  In c o n t r a s t  t o  t h i s  Ram I a and S a t t a r  (1979 )  
r e p o r t e d  t h a t  h y d r o e x t r a c t i o n  of  serum e l u e n t s  re c o v e re d  a w ide  range o f  
e n te r ic  viruses with  recovery e f f i c i e n c i e s  o f ten  approaching 100$. In t h i s  
study hydroextraction  of eluents produced ge lat inous  concentrates and brown 
r e s id u e s  which formed on t h e  In s id e  of  th e  d i a l y s i s  t u b i n g .  These sol  Ids  
were d i f f i c u l t  t o  remove or resuspend and the  loss of  v i ru s  adsorbed t o  these  
so l ids ,  may exp la in  the  lower e f f i c ie n c y  of hydroextraction.  Furthermore,  In 
agreem ent  w i t h  Pancorbo ^  (198 1 ) ,  h y d r o e x t r a c t i o n  was found t o  be a
cumbersome method and was not amenable to  the  processing of a large number of 
samples.
Another concentrat ion method investigated was one using sal mine which 
reco ve red  o n ly  17$ o f  SA-11 and less than 1$ o f  p o l l o v l r u s  I .  The low 
r e c o v e ry  of  p o l l o v l r u s  I c o n f i r m s  t h e  f i n d i n g s  o f  England ( 1972) who found  
t h a t  sal mi ne when complexed with  bovine serum albumen, was s e l e c t i v e  In t h a t  
I t  removed only viruses above 50 nm In diameter.
The c o n c e n t r a t i o n  o f  v i r u s  in e lu e n t s  b ro u g h t  a d d i t i o n a l  p rob lem s o f  
c y t o t o x ic i t y .  DI th izone trea tm ent  of concentrates was found t o  be moderately  
successful in removing cy to tox ic  m a te r ia ls  In t h a t  Is was simple t o  perform  
and had the added advantage of being able to  detox ica te  and decontaminate the  
samples from b a c t e r i a  and fu ng i  s im u l t a n e o u s ly .  I t  must be noted t h a t  
whereas Glass s i  M . ,  (1978) observed t h a t  d i th lzone  t rea tm ent  had l i t t l e  or  
no e f f e c t  on v i r u s  t i t r e s .  In t h i s  study t h e  t r e a t m e n t  r e s u l t e d  in an 
apparent reduction of  v irus  t i t r e s .  For Instance,  the amount of echovlrus I 
recovered in concentrates before and a f t e r  d i th lzone  t re a tm ent  was reduced on 
average  by 44$.  A lso ,  c e l l s  grown In m i c r o t i t r e  p l a t e s  were  much more 
su s c e p t i  b le  t o  c y t o t o x i c  e f f e c t s  than were  th o se  ce l  Is grown in f l a s k s  or  
suspended in agar. However, t h is  was only probably due to  d i l u t i o n  e f f e c t s .
The method f i n a l l y  adopted because of i t s  e f f i c ie n c y  in removing v i ru s  
from sludge was an a d a p t a t io n  of  th e  method used by Glass a l . ,  ( 1 9 7 8 ) ,  
I n c o r p o r a t in g  e l u t i o n  w i t h  beef e x t r a c t  a t  pH 10,  c o n c e n t r a t i o n  by a c id  
p r e c i p i t a t i o n  and d e t o x i c a t i o n  of  conce ntra tes  with  d i th lzone .  The l a t t e r  
a u th o rs  r e p o r te d  an o v e r a l l  e f f i c i e n c y  o f  21.3$ f o r  t h e  re c o v e r y  of  
p o l lo v l ru s  I from anaerobic digested sludge. In comparison with  the present  
inves t iga t ion ,  the recovery of p o l lo v l ru s  I, echovirus I and Coxsackievirus
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B5, from a v a r i e t y  of  s ludge  ty p e s  was found t o  be 2 0 .1 ,  23.7 and 13.9$ 
re sp e c t ive ly .  Nevertheless,  f u r t h e r  m odi f ica t ions  were required t o  improve 
the  adopted technique before commencing rout ine  monitoring of  sewage sludge  
samples.  These In c lu d e d  e l u t i n g  v i r u s  a t  a m b ien t  pH In s te a d  o f  pH 10,  t o  
both s im p l i f y  the  technlque,and to  reduce the r isk s  of v i r a l  I n a c t iv a t io n  a t  
high pH v a lu e s .  I t  was a ls o  necessary  t o  r e p la c e  skim m i l k  as an e l u e n t  
In s te a d  of  beef  e x t r a c t ,  because i t  was found t h a t  ba tches  of  beef  e x t r a c t  
v a r i e d  In t h e i r  a b i l i t y  t o  form an organ Ic  f I o c c u l a t e  a t  a c i d i c  pH v a lu e s .  
S im i la r  f indings had previously  been reported by Berg and Dahling (1980) who 
not  o n ly  found t h a t  ba tches  o f  beef  e x t r a c t  v a r i e d  but a ls o  suggested t h a t  
d i f f e r e n t  batches may be capable of recovering d i f f e r e n t  ranges of v iruses.
Al though t h e  r e p o r t e d  r e c o v e r i e s  of  some v i r u s  i s o l a t i o n  te c h n iq u e s  
throughout the  l i t e r a t u r e  have appeared more e f f i c i e n t  than those reported In 
th i s  In v es t ig a t io n ,  i t  would be meaningless to  compare one technique wi th  
another.  This Is because, as already sta ted,  v irus  is o la t io n  is governed by 
a m u l t i t u d e  o f  v a r i a b l e s ,  o f  which t h e  most I m p o r t a n t  must be t h a t  no tw o  
siudge types  a r e  a I ike .  The seed Ing of  s iudge samples w i t h  v i r u s  can o n ly  
p a r t l y  immitate  the complex natural  v i rus  associat ion with  so l id s  and t h i s  in 
i t s e l f  must question the  v a l i d i t y  of such experiments.  What is probably more 
im p o r t a n t  Is  t o  s t a n d a r d i z e  t h e  i s o l a t i o n  method f o r  a l l  samples and t o  
r e a l i z e  t h a t  a n e g a t i v e  r e s u l t  does not n e c e s s a r i l y  mean t h a t  a sample  
contains no v i rus .  Thus the is o la t io n  of  viruses from sludge can only a t  I t s  
best be a s e m l -q u a n t i t a t lv e  method.
The agar  suspended ce l  I p laque  assay te c h n iq u e ,  which was adopted f o r  
the  is o la t io n  of  indigenous v i ru s  from sludge samples, gave ge n era l ly  higher  
v i r u s  t i t r e s  than  those  o b ta in e d  by o t h e r  I n v e s t i g a t o r s .  T h is  may be 
e x p la in e d  by t h e  f a c t  t h a t  t h e  agar  suspended c e l l  method Is  known t o  
In c re a s e  t h e  access I b i l i t y  of  c e l l s  t o  v i r u s  and t h e r e f o r e  r e s u l t s  In an 
In c re a s e  in th e  le v e l  o f  v i r u s  uptake  from th e  sample ( M o r r i s  and W a i t e ,  
1980b). However, the use of a suspended c e l l  system was complicated by the  
f a c t  t h a t  the BGM c e l l s  used in t h i s  system, w h i l s t  mainta in ing t h e i r  a b i l i t y  
t o  suppor t  t h e  r e p l i c a t i o n  o f  l a b o r a t o r y  adapted s t r a i n s  o f  v i r u s  . 
f a i l e d  t o  is o la te  w i ld  v i rus  types. To avoid t h i s  undesirable change I t  was 
necessary t o  both m a in t a i n  t h e  ce l  Is on a r i c h  medium and t o  r e p l a c e  t h e  
c e l l s  from stock every 15 passages. A s im i l a r  s i t u a t io n  t o  the one above was 
a lso observed fo r  the plaguing of SA-11 in MA-104 c e l l s .  In t h i s  instance i t  
was found t h a t  th e  p h y s i o l o g i c a l  s t a t e  of  the  c e l l  was c r i t i c a l  t o  t h e
- 217 -
p la q u in g  of  SA-11 In MA-1 04 c e l l s .  In agreement  w i t h  t h e  work o f  Estes  
al.p (1979),  i t  was a lso found t h a t  SA-11 r e p l ic a te d  to  high t i t r e s  In MA-104 
c e l l s  and plaqued only In the presence of pancreatin and DEAE-dextran when 
added t o  the o v er layer  medium.
R o u t in e  s u r v e i l l a n c e  of  sewage t r e a t m e n t  p l a n t s  c o n f i r m e d  t h a t  
enterov i rus  leve ls  peak from la te  summer t o  e a r ly  autumn and are lowest In 
e a r l y  s p r in g .  Of t h e  d i f f e r e n t  s ludge  samples t e s t e d ,  raw s lu dge  samples  
contained the most v i ru s  wi th  one sample conta in ing over 1,400 pfu g~1. Of 
the  various methods of wastewater sludge t rea tm ent  Inves t iga ted ,  d igest ion  
fo l lowed by conso lida t ion  nearly always resu l ted  In decreases In the  number 
of  r e c o v e r a b l e  v i r u s e s .  However,  I t  must be r e a l I z e d  t h a t  s ludge  samples  
could not be d i r e c t l y  compared, as the  leve ls  of in fe c t io u s  v i ru s  which could 
be detected in the  d i f f e r e n t  sludges not only varied te m pora l ly ,  because of 
d i f f e r e n t  Intakes of raw sewage, but also var ied In t h e i r  indigenous v i ru s  
I oad. I n t h e o r y ,  t i t r e s  o f  raw si udge could  be r e l  a ted t o  th o s e  samples  of  
d ig e s t e d  and c o n s o l i d a t e d  s ludges  ta k e n  a t  th e  same p l a n t  30 and 60 days 
l a t e r  r e s p e c t i v e l y ,  as th e s e  were  t h e  r e s p e c t i v e  d u r a t i o n  t i m e s  o f  th e s e  
t re a tm en t  processes. However a poor c o r r e la t io n  between sludges was apparent  
d u r in g  t h e  1980 survey a lthough  a b e t t e r  r e l a t i o n s h i p  o c cu r red  In t h e  1981 
survey. One reason fo r  the poor r e la t io n s h ip  was t h a t  due t o  the  continuous  
nature of the t rea tm ent  process, d i f f e r e n t  stages of  the process could become 
contaminated w i th  fresh mater ia l  from an e a r l i e r  stage.
An exception t o  the  observed decrease in v i r a l  t i t r e s  fo l lo w in g  sludge 
t re a tm ent  was exempl i f ied  by the conso lida tion  of  raw sludge c a r r ie d  out a t  
sewage P l a n t  B. The t h i c k e n i n g  o f  raw s ludge  over  a 24 h s e t t i I n g  p e r io d  
resu l ted  In a substant ia l  Increase In the  amount of in fe c t io u s  v i ru s  which 
could be Iso la ted from t h a t  sludge. I t  a lso apparently rendered the  v i r io n s  
more susceptib le  t o  In a c t iv a t io n  during the subsequent mesophl l lc d igest ion  
than  th o se  p re s e n t  in u n c o n s o l id a te d  raw s lu dges  produced a t  o t h e r  works.  
A I t e r n a t i  v e I y ,  t h i s  Inc rea se d  su sc e p t i  b i l i t y  may have been an a r t I  f a c t  as 
conso lida tion  may simply change the physlochemical environment of the  sludge 
t o  e n a b le  t h e  i s o l a t i o n  te c h n iq u e  t o  re c o v e r  a h ig h e r  p e rc e n ta g e  o f  those  
v i r u s e s  o t h e r w i s e  d i f f i c u l t  t o  remove. I f  t h i s  is t h e  case ,  th en  t h i s  
example  serves  t o  i l l u s t r a t e  t h e  f a c t  t h a t  t h e  t r u e  ind igeno us  v i r u s  
populat ion of samples is p r a c t i c a l l y  impossible to  assess.
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M e s o p h i l l c  d i g e s t i o n  o f  raw s ludge did not appear  t o  be a r e l i a b l e  
process f o r  re d u c in g  i n f e c t i o u s  v i r u s  t i t r e s ,  which c o n f i r m e d  o t h e r  
p r e v i o u s l y  r e p o r t e d  f i n d i n g s  ( P a l f i ,  1973; C l i v e r ,  1975; Berg and Berman,  
1980). The best reduction was a t  P lan t  B where mesophll lc d iges t ion  resu l ted  
In a t  l e a s t  a 89$ r e d u c t io n  In v i r u s  t i t r e s ,  th e  same process a t  P l a n t  C 
being a t  I t s  b e s t  o n ly  33$ e f f i c i e n t .  Al though th e s e  v a lu e s  r e f l e c t  a much 
lower e f f i c ie n c y  of d igest ion  than t h a t  reported by Berg and Berman (1980) I t  
should be noted t h a t  in t h i s  study, the pH of the digested sludge was r a r e l y  
above pH 7 .5 .  Thus t h e  v i r i c i d a l  e f f e c t s  o f  ammonia n o t ic e d  by Ward and 
Ashley  (19 76 )  and o n ly  o p e r a t i n g  a t  a l k a l i n e  pH's, would not  p la y  a m a jo r  
r o le  In v i rus  In a c t iv a t io n .  However, in f u l l  agreement wi th  Berg and Berman 
(1980) the  ra tes  of in a c t iv a t io n  reported In t h i s  study were f a r  below any of  
those reported fo r  v i rus  in a c t iv a t io n  in seeding experiments,  suggesting t h a t  
such e x p e r im e n t s  o v e r w h e lm in g ly  o v e r e s t i m a t e  r a t e s  o f  in d ig e n o u s  v i r u s  
I n a c t i v a t I  on d u r in g  d i g e s t i o n .  In s te a d ,  t h e  i n e f f e c t i v e n e s s  o f  mesoph i l l c  
digest ion In the in a c t iv a t io n  of  v irus,can probably be expla ined by the  many 
f a u l t s  a s s o c ia te d  w i t h  t h e  o p e r a t i o n a l  design of d igesters  (E isenhardt,  ^  
S i . ,  1977).
Consolidation of digested sludges ( in  con trast  to  the  c onso l ida t ion  of  
raw sludge) resu l ted  In an overa l l  decrease In v irus .  However, about h a l f  of  
the  samples s t i l l  contained detectab le  v irus .  The r a te  of in a c t i v a t io n  of  
viruses during consolidation a t  P lan t  A was s i m i l a r  to  t h a t  recorded during  
m e s o p h l l l c  d i g e s t i o n  i n d i c a t i n g  t h a t  some of t h e  mechanisms o f  v i r u s  
In a c t iv a t io n  during d igest ion probably c o n t in u e  t o  I n a c t i v a t e  v i r u s  d u r in g  
the  consolidation period.  Also even small v a r ia t io n s  in ambient temperatures  
may e f f e c t  th e  I n a c t i  v a t  I on o f  v i r u s  du r in g  consol I d a t i o n .  T h i s  may have  
happened In 1981, when higher temperatures increased the  r a t e  of in a c t i v a t io n  
5 - f o l d ,  The overa l l  e f f i c i e n c i e s  of  trea tm ent  P lants  A and B in the  removal  
of v i rus  from raw sludge by d igest ion  fo l lowed by conso l ida t ion ,  ranged from 
83 to  97$. When consolidated sludge was dewatered by f i l t e r  pressing,  very 
l i t t l e  v irus  could be detected from the cake, although i t  was noted t h a t  on 
some occasions v i ru s  was observed in the f i l t r a t e .
Thermophil ic aerobic d igest ion  was an e f f i c i e n t  t r e a t m e n t - f o r  reducing  
in fec t ious  v i rus  as i t  achieved s im i l a r  re s u l ts  t o  the combined e f f e c t s  of  
d i g e s t i o n  and c o n s o l i d a t i o n  but in f a r  less t i m e .  Berg and Berman (1980)  
also found thermophi l ic  d igest ion to  be about 1 0  t imes more e f f i c i e n t  than 
mesoph i l i c  d i g e s t i o n .  However, i t  must be noted t h a t  t h e  d is a d v a n t a g e  of
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t h e r m o p h i I I c  d i g e s t i o n  Is  t h a t  i t  is  an exp e n s ive  process in te r m s  o f  I t s  
high energy consumption.
Chemical  c o n d i t i o n i n g  o f  raw s ludge f o l l o w e d  by f i l t e r  p re s s in g  was 
usual ly  very e f f i c i e n t  In removing detectab le  v i rus .  At P la n t  D, chemical  
c o n d i t i o n i n g  o f  raw and humus s lu dge  w i t h  I I m e / c o p e r a s ,  produced a s ludge  
c a k e  w i t h  h i g h  pH v a l u e s  c a p a b l e  o f  I n a c t i v a t i n g  m o s t  v i r u s e s .  
P o ly e le c t r o ly t e  t rea tm ent  of raw and humus sludge p r io r  t o  f i l t e r  pressing 
a I so produced a m a te r  I a I from which l i t t l e  or  no v i r u s  was r e c o v e r e d .  In 
c o n tras t ,  p o ly e le c t r o ly t e  t rea tm ent  of raw sludge fo l lowed by c e n t r i f u g a t io n  
a t  P lan t  E, gave a product from which v a r ia b le  y ie ld s  of  v i ru s  were obtained 
and somet im es in c re a s e s  In t i t r e s  were observed. Compared t o  t h e  f i l t e r  
pressed cake, thecentr l fuged  cake had a much reduced so l ids  content and I t  is 
r e l e v a n t  t o  note  t h a t  Nath and Johnson (1980) dem onst ra ted  t h a t  maximum 
amounts of  v i ru s  were obtained from those raw sludge samples w i th  the lea s t  
amount of so l ids  content.
Of th e  s u rp lu s  a c t i v a t e d  s ludge  samples t e s t e d  f o r  t h e  p resence  of  
ind igenous v i r u s ,  samples from P l a n t  B c o n ta in e d  about  10 t i m e s  more 
i n f e c t i o u s  v i r u s  th an  those  o b ta in e d  from P l a n t  A. However,  a f t e r  
c o n d i t i o n i n g  w i t h  p o l y e l e c t r o l y t e  and d e w a te r in g  by c e n t r i f u g a t i o n ,  both  
types of  sludge contained s i m i l a r  leve ls  of v irus .  This could be explained  
by the  f a c t  t h a t  p o ly e le c t r o ly te  t re a tm ent  a t  P lan t  A caused an increase In 
v i ru s  t i t r e s  w h i l s t  a s i m i l a r  t rea tm ent  a t  P lan t  B caused a decrease In v i rus  
t i t r e s  in r e l a t i o n  t o  the i n f e c t l v l t y  of  the s t a r t in g  m a te r ia l .  Since t h i s  
I n c re a s e  In v i r u s  i n f e c t l v l t y  can o n ly  be a p p a re n t  and t h e  o n ly  d i f f e r e n c e  
between t h e  two t r e a t m e n t s  was t h a t  a t  P l a n t  A t w i c e  t h e  c o n c e n t r a t i o n  of  
p o l y e l e c t r o l y t e  was used, i t  was concluded t h a t  t h e  r e s u l t  was a d i r e c t  
r e f l e c t i o n  on the concentrat ions of p o ly e le c t r o ly te  used In r e l a t i o n  t o  the  
function of  c a t io n ic  p o ly e le c t ro ly te s .
The b r i d g i n g  th e o ry  r e p r e s e n t s  t h e  most a c c e p t a b le  model by which  
p o l y e l e c t r o l y t e s  c o a g u la te  m a t t e r  by fo rm in g  b r id g e s  v i a  a p a r t i c l e -  
pol yel  e c t r o l  y t e - p a r t i c i  e complex  (W.H.O., 1973; Bratby,  1980). Coagulation  
of a n i o n ic  b l o c o l I  o lds  p re s e n t  in s ludge  I i q u o r s  and o f  which v i r u s e s  may 
form p a r t ,  a ls o  p la ys  a m ajor  r o l e  in t h e  process.  I t  has a ls o  been found  
t h a t  a l though a la r g e  p r o p o r t io n  of  col  lo i  dal m a t e r i a l  is  adsorbed t o  th e  
sludge f io c ,  t h i s  f r a c t io n  tends t o  be high ly  t r a n s ie n t  (Roberts and Olssen,  
1975; Novak and Haugh, 1979). To p re v e n t  s t a b i l i s a t i o n  of  t h i s  c o l l o i d a l
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f r a c t î o n  and hence a poor s e t t l i n g  s lu d g e ,  i t  is  e s s e n t i a l  t h a t  optimum  
c o n c e n t r a t i o n s  o f  p o l y e l e c t r o l y t e s  a r e  used and t h i s  I s  e x p l a i n e d  
diagrammatical  ly in Fig,  1.7.
Applying t h i s  t o  the  r e s u l ts  obtained In t h i s  study. I t  Is proposed t h a t  
an excess of p o ly e le c t r o ly t e  added to  the sludge (as apparent ly  happened a t  
P lan t  A) would sa tu ra te  adsorption s i t e s  on both f lo e  and v i rus .  As a r e s u l t  
br idging would occur,  a c o l lo id a l  suspension would ensue and the  v i ru s  which 
I s normal I y t i g h t l y  bound t o  t h e  f l o e  would be I I  b e ra te d  I n t o  t h e  si udge 
l i q u o r .  Because o f  t h i s ,  v i r u s  would be more r e a d i l y  d e t e c t a b l e  In  
p o l y e l e c t r o l y t e  excess t r e a t e d  samples.  In c o n t r a s t ,  optimum doses of  
p o ly e le c t r o ly t e  would r e s u l t  In extensive bridging between sludge f lo e s  and 
v i r u s  p a r t i c l e s ,  fo rm in g  a m a t r i x  bound by e l e c t r o s t a t i c  a t t r a c t i o n  as 
apparently  happened a t  P la n t  B. Nevertheless,  p o ly e le c t r o ly te  t re a tm e n t  a t  
P lan t  A might be considered t o  be a be n ef ic ia l  t reatm ent fo r  the  in a c t i v a t io n  
of v iruses in sludge during land disposal .  This is because v iruses  no longer 
a f f o r d e d  p r o t e c t i o n  from s o l i d s ,  could  be more r e a d i l y  I n a c t i v a t e d  by 
environmental fa c tors .
Sim I l a r i  y an excess o f  p o l y e l e c t r o l y t e  a t  P l a n t  E, where f i v e  t i m e s  
more p o ly e le c t r o ly te  was used to  condi t ion the raw and humus sludge p r io r  to  
c e n t r i f u g a t i o n  th an  t h a t  used a t  P l a n t  B, could  have r e s u l t e d  In a p p a r e n t  
Increases In the number of In fe c t ious  v i ru s  recovered.
Although evidence to  support t h i s  p o ly e le c t r o ly te  theory Is c o n f l i c t i n g  
throughout the l i t e r a t u r e  (Sproul, 1980), c a t io n ic  p o ly e le c t r o ly te s  have been 
exp lo i ted  by others both t o  Improve the recovery of v i rus  from oyster  t is su e  
(Kostenbader  and C l i v e r ,  1972) and from w a s te w a te r  s lu dge  (Lydholm and 
Nielson, 1980). In experiments performed In t h i s  study on the  In f luence  of 
adding d i f f e r e n t  c o n c e n t r a t i o n s  of  p o l y e l e c t r o l y t e  t o  seeded a c t i v a t e d  
s lu dge ,  r e s u l t s  were  i n c o n c l u s i v e  and even c o n t r a d i c t o r y .  T h is  does not  
t o t a l l y  discount the p o l y e l e c t r o l y t e  t h e o r y  as p a ra m e te rs  c o n t r o l l i n g  th e  
optimum concentrat ion  of  p o ly e le c t r o ly t e  are very v a r ia b le  and are thus very  
d i f f i c u l t  to  contro l .  In t h i s  respect,  Roberts and Olsson (1975),  found t h a t  
even d a l ly  v a r ia t io n s  in the  composition of sludge can lead t o  d i f f i c u l t i e s  
in s t a n d a r d i s i n g  optimum c o n c e n t r a t i o n s  of  p o i y e I e c t r o I y t e  f o r  good 
f lo c c u la t io n .  Furthermore,  the manner in which inoculated v iruses adsorb to  
t h e  s u r fa c e  o f  f l o e s  may we I I be u nr e presen t a  t  i ve of  t h e  t r u e  v i r u s - s o l  id 
re la t io n s h ip  of indigenous v irus.  This d i f f i c u l t y  may have been foreseen and
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overcome by using the method of Sanders s i  M . ,  (1979) who incorporated the  
v i r u s  i n t o  th e  a c t i v a t e d  s ludge f l o e  by a e r a t i n g  th e  m i x t u r e  f o r  s e v e ra l  
hours before exper imentat ion began.
In a n a ly s in g  t h e  r a t i o  of  v i r u s  In t h e  i iq u ld  and sol  id f r a c t i o n s  of  
samples taken from an act iva ted  sludge t rea tm ent  p lan t ,  i t  was estab l ished  
t h a t  most of  t h e  v i r u s e s  were  p r e f e r e n t i a l l y  a t ta c h e d  t o  t h e  s o l i d s .  
E x c e p t io n s  t o  t h i s  were some samples of  s e t t l e d  sewage in which th e  
sol i d : l i q u i d  r a t i o  v a r i e d  t o  such an e x t e n t  t h a t  a l a r g e r  p e rc e n ta g e  of  
v i ru s  was associated with  the l iq u id  phase. Hejkal  M M . ,  (1981) also found 
t h i s  e r r a t i c  p a t te rn  of v irus  behaviour in raw sewage and, as in t h i s  study,  
found no re la t io n s h ip  between the percentage of s o l id  associated v i ru s  and 
th e  s o l i d  c o n t e n t  of  each sample.  V i r u s  was more o f t e n  re c o v e re d  from  
samples of s e t t l e d  sewage than from corresponding samples of raw sludge taken  
a t  s i m i l a r  t imes,  thus ind ica t ing  t h a t  on these occasions raw sludge probably 
did c o n t a i n  i n f e c t i o u s  v i r u s  which was not d e t e c t a b l e  us ing t h i s  e l u t i o n  
method. Another con tr ib u t in g  fa c to r ,  which may have a f fe c ted  the recovery of 
v i ru s  from raw sludge, was t h a t  to x ic  substances contained w i th in  the sludge 
w h i ls t  not a f fe c t in g  the  i n f e c t l v l t y  of indigenous v i rus  may have rendered 
the c e l l s  not susceptib le  t o  the v i rus  or in te r fe re d  wi th  v i r a l  r e p l i c a t i o n .
The t i t r e s  o b ta in e d  from a c t i v a t e d  s ludge samples compared t o  th o se  
obtained from s e t t l e d  sewage were of ten f o u r - f o ld  higher.  This may ind ica te  
t h a t  both t h e  amounts o f  v i r u s  recove red  from th e s e  l a t t e r  samples  were  
u n c o n t r o l l a b l y  v a r i a b l e  and t h a t  t h e  a c t i v a t e d  s lu dge  e n v i r o n m e n t  was 
conducive to  disaggregat ion of v i r a l  clumps, which presumably were commonly 
present.
In genera l  a l I  v i r u s e s  re cove red  from e f f l u e n t s  were a s s o c i a t e d  w i t h  
e f f l u e n t  s o l i d s .  The use of  f i l t r a t i o n  in an a t t e m p t  t o  f i n d  a more 
s en s i t iv e  technique fo r  recovering v iruses from s e t t le d  sewage and e f f l u e n t  
l iqu id s  gave disappointing re s u l ts  and was i n f e r i o r  to  the s im pler  technique  
involving a s ing le  step acid p r e c i p i t a t i o n  process. S i g n i f i c a n t l y  on those  
occasions when v i ru s  was detected in r e l a t i v e l y  large amounts in the l iq u id  
phase of e f f lu e n ts ,  t h is  coincided with  the occurrence of bulking problems in 
the  secondary s e t t l i n g  tanks. Since the bulking of sludge leads t o  the carry  
over of a large proport ion of sol ids  in the e f f l u e n t ,  t h i s  may suggest t h a t  
the real  problems of v irus  contaminated e f f lu e n t s  may be so le ly  due to  those 
in fect ious  v i rus  s t i l l  associated with  small microscopic s o l ids  in e f f l u e n t s .
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a c o n c lu s io n  a ls o  reached by Dal I uz s i  ML., (1 9 78 ) .  I t  can a ls o  be assumed 
t h a t  v i r u s e s  are  c o n t in u o u s ly  be ing d ischa rge d  i n t o  th e  e n v i r o n m e n t  v i a  
e f f l u e n t s  s in ce  t h e  a c t i v a t e d  s ludge  process is  o n ly  about  90$ e f f i c i e n t  
which a ls o  conf I rms o t h e r  p r e v i o u s l y  r e p o r t e d  f i n d !  ngs (Mack M  M . ,  1962;  
Eng I and jgl M . ,  1967; Rao M  M . ,  1977).
The d e t e c t i o n  of  r o t a v i r u s  In sewage t r e a t m e n t  p ro d u c ts ,  and in 
p a r t i c u l a r  in a c t i v a t e d  s ludge up t o  a l e v e l  o f  8 ,5 00  f l u o r e s c e n t  fo c i  per  
I i t r e ,  was a novel  f i n d i n g .  The Immunof luorescence  t e s t  as a v i r a l  assay  
method was unable to  d is t ingu ish  between human ro ta v i ru s  and ro ta v i r u s  from 
other  animal species,  although i t  was assumed t h a t  human ro ta v i ru s  must have 
contr ibuted the largest  proport ion of ro ta v i ru s  in sewage. Prev iously ,  Smith 
and Gerba (1980) had demonstrated high levels  of ro tav irus  in raw sewage and 
e f f l u e n t s  using th e  im m unof luorescence  t e s t .  Ste inmann (1981 )  used a 
d i f f e r e n t  approach by using ELISA end EM techniques to  detect the  presence of 
v i ru s  antigen and v is u a l i z e  the v i ru s  in sample concentrates of raw sewage 
r e s p e c t i v e l y .  He a ls o  p r a c t i s e d  a high lev e l  of  c o n c e n t r a t i o n  ( 2 0 0 0 - f o l d )  
which meant th e  method was more s e n s i t i v e  than the  c e l l  c u l t u r e  method 
employed here as such concentrates would most l i k e l y  have proved to  be h ighly  
c y t o t o x i c .  In f a c t  in t h i s  study c y t o t o x i c i t y  was s o l e l y  r e s p o n s i b l e  f o r  
making the  concentrates obtained from samples taken during the  I960 survey 
unsui table  fo r  immunofluorescence tes ts .
Smith  and Gerba (1980) found t h a t  r o t a v i r u s  is o f t e n  u n a f f e c t e d  by 
sewage t r e a t m e n t  which f i n d i n g  was supported  by th e  p r e l i m i n a r y  r e s u l t s  
obtained In th is  present work. In support of t h is ,  s tudies using SA-11 as a 
model have shown t h i s  v i r u s  t o  be very  r e s i s t a n t  t o  e n v i r o n m e n ta l  s t r e s s  
(H u r s t  and Gerba,  1980) and I ike  r e o v i r u s  a la rg e  p r o p o r t i o n  o f  r o t a v i r u s  
w i l l  be expected t o  survive sewage t rea tment .  The disappearance of r o ta v i ru s  
in samples taken a f t e r  May was an t ic ip a te d  since i t  is wel l  known t h a t  the  
number of  c l i n i c a l  cases of  r o t a v i r u s  a ls o  d e c l i n e s  a t  t h i s  t i m e  of  y ea r .  
The Communicable Disease Surve i l lance  Centre (CDSC) c o l la t e s  such data every 
f o r t n i g h t  and over  th e  1981 p e r io d ,  cases peaked in February  and March and 
subsequently decl ined sharply in e a r ly  Apri l  to  reach a background level  in 
May and June. In accordance with  t h i s ,  samples of wastewater sludges taken  
between May and June (1981) fo r  the assay of in fect ious v i rus  were shown to  
be negative whereas the more s e n s i t iv e  method employed by Steinmann (1981) 
was able to  recover v i r a l  antigens in raw sewage taken during May and June. 
However,  th e  l a t t e r  a u th o r  was unab le  t o  d e t e c t  r o t a v i r u s  in raw s ludge
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samples (personal  c om m unica t ion ,  198 1) whereas re cen t ly  Goddard (personal  
communication, 1982) has successful ly  applied the ELISA technique to  detect  
v i r a l  a n t ig e n  in raw s lu dge.  T h is  a l l  adds t o  th e  i n c r e a s i n g  amount of  
e v idenc e  which suggests  t h a t  r o t a v i r u s ,  I ike  i t s  c o u n t e r p a r t  r e o v i r u s ,  is  
commonly present in sewage.
From the d i f f e r e n t  types of viruses iso la ted and i d e n t i f i e d  from sludge 
samples,  i t  was a p p a re n t  in t h i s  i n v e s t i g a t i o n  t h a t  d i f f e r e n t  methods of  
w a s te w a te r  s ludge t r e a t m e n t  d id  not i n f l u e n c e  th e  ty p e  of  v i r u s  i s o l a t e d .  
T h i s  was in s p i t e  o f  t h e  f a c t  t h a t  Se I I wood ( 1 9 8 1 )  had fo u n d  t h a t  
pol moviruses were  more prone t o  i n a c t i v a t i o n  a f t e r  sewage t r e a t m e n t  than  
o th e r  e n t e r o v i r u s e s .  N e v e r t h e l e s s ,  th e  r e s u l t s  r e p r e s e n te d  here  may have  
re f le c te d  the low percentage of v irus  iso la tes  a c t u a l ly  i d e n t i f i e d  and the  
f a c t  th a t  information was l im i t e d  large ly  to  the enteroviruses .  The slower  
growing reoviruses and adenoviruses were never isolated and echoviruses were 
on ly  i s o l a t e d  on r a r e  oc cas ions .  The absence of  th e s e  v i r u s e s  as wel l as 
being due to  c e l l  s e n s i t i v i t y ,  may be explained by the t o x i c i t y  of the  sample 
c o n c e n t r a te s  in which c e l l  v i a b i l i t y  was a f f e c t e d  in as l i t t l e  as 2  days 
a f t e r  i n o c u l a t i o n .  However,  what was more i n t e r e s t i n g  was t h a t  cl  i n i c a l  
i n f e c t i o n s  of  Coxsack ie  B v i r u s e s  r e p o r t e d  t o  th e  CDSC d u r in g  1980 t o  1981 
corresponded t o  t h e  v i r u s  i d e n t i f i e d  from sewage s ludge samples.  For  
in s ta n c e ,  in 1980 th e  CDSC r e p o r t e d  t h a t  C o x s a c k ie v i ru s  B5 was t h e  most  
predominant Coxsackie B serotype in c l i n i c a l  specimens w h i l s t  in the  present  
study  Coxsack ie  B5 had been th e  most common i s o l a t e  from s ludge  samples .  
S i m i l a r l y  in 1981, Coxsackievirus B2 was as re g u la r ly  iso la ted from p a t ie n ts  
as Coxsack ie  B5 and a l though  C o x s a c k ie v i ru s  B5 was s t i l l  t h e  most common 
i s o la te  in sewage^ Coxsackie B2 iso la t io n s  from sewage were on the  increase.  
S im i l a r l y  the few echoviruses iso la ted  and id e n t i f i e d  (echo 5 ,  7 and 30) were 
r e p r e s e n t a t i v e  of  t h e  v i r u s e s  c i r c u l a t i n g  w i t h i n  th e  communi ty  a t  t h a t  
p a r t i c u la r  t ime. The presence of apparently  v i r u l e n t  s t r a in s  of p o l lo v l r u s  
1 in sewage s ludge samples in October 1980 was a ls o  found. I t  is  not  
uncommon f o r  w i l d  s t r  a i ns of  po I i ov i rus t o  be i so I a ted  from t h e  sewage of  
developed c o u n t r i e s  (Payment M M . ,  1979b), d e m o n s t r a t in g  t h e  need f o r  
cont inued  p o l I o v  i rus v a c c i n a t i o n  programmes. The p o s s i b l e  im p o r ta n ee  of  
continued monitoring of samples fo r  v irus  is demonstrated by the  f a c t  t h a t  
Rhodes M  M . ,  (1 95 0) and T h r a e n h a r t  M  M . ,  ( 1 977) both d e t e c t e d  v i r u l e n t  
pol lov l rus  in sewage f i v e  weeks before an outbreak of p o l i o m y e l i t i s  in t h e i r  
di s t r i c t s .
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To summarize ,  th e  methods used t o  t r e a t  w a s t e w a t e r  s ludges  can 
s i g n i f i c a n t l y  a f f e c t  the amount of in fect ious  v irus  present in sludges before  
t h e i r  d isposa l  t o  land.  However,  t o  put t h i s  study i n t o  t h e  r i g h t  
perspective i t  must be stressed th a t  the re su l ts  obtained r e la t e d  to  only a 
few s e le c t iv e  enteroviruses .  Since many viruses behave d i f f e r e n t l y  i t  would 
be unwise  t o  g e n e ra l  i se from th e  p re s e n t  data  about  t h e  b e h a v io u r  of  o t h e r  
even more c l i n i c a l  ly i m p o r ta n t  v i r u s e s .  F u r th e rm o re ,  t h e  f a t e  of  v i r u s e s  
d u r in g  th e  t r e a t m e n t  o f  w a s te w a te r  s ludges is  on ly  p a r t  of  th e  genera l  
problem of environmental  contamination.  The persistence of v iruses  in the  
s o i l  a f t e r  s ludge amendment is  a ls o  a problem and has o n ly  r e c e n t l y  been 
investigated.  The fa c tors  inf luencing the in a c t iv a t io n  of  v i rus  a f t e r  land 
ap p l ic a t io n  are c l e a r l y  very complex and there  is a general  lack of  knowledge 
about the fa t e  of indigenous v i rus  in soi l  systems. Whether the  presence of 
v i r u s  in s ludge c o n s t i t u t e s  a s i g n i f i c a n t  h e a l t h  r i s k  t o  th e  community  is  
uncertain because l i t t l e  substant ia l  epidemiological  evidence of in fe c t io n  by 
t h i s  r o u t e  e x i s t s .  However,  i t  can be concluded t h a t  t h e r e  is  a d i s t i n c t  
p o s s i b i l i t y  t h a t  v i r u s e s  may be t r a n s m i t t e d  t o  both man and a n i m a l s  as a 
r e s u l t  of the a p p l ic a t io n  of sludges to  land.
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Appendix I 
Cell Media, stock solutions and methods
a) BGM cell culture  
Growth medium
50% (v /v) Leibovitz 15 (1 x strength. Flow Laboratories)
50% (v /v) Hanks MEM (lOxstrength, Flow Laboratories)
10% (v /v) Foetal ca lf  serum, FCS (Sera-Lab)
1% (v/v) I-glutamine, 200mM (Flow Laboratories)
0.11% (w/v) Sodium bicarbonate (Wellcome Reagents Ltd.)
100 u/ml P e n ic il l in  (Glaxo)
100 jbg/ml Streptomycin (Glaxo)
Maintenance medium
100% (v/v) Lactalbumin hydrolystate in Earles' salts
(1 X strength. Flow Laboratories)
2% (v /v) FCS 
100 u/ml, 100 [jg/ml Pencil 1 in; Streptomycin
Overlayer medium
100% (v /v) Medium 199 with Hank's salts
( 10 X strength. Flow Laboratories)
2% (v/v) FCS
1% (v/v) I-glutamine, 200mM 
0.001% (w/v) Magnesium chloride (Analar)
0.003% (w/v) Neutral red (BOH)
1.2% (w/v) Purified agar (Difco)
A ntib io tics :- (Gibco-Biocult)
100 u/ml P en ic i l l in ;  Polymixin B sulphate 
100 jjg/ml Streptomycin; Kanamycin
50 jbg/ml Neomycin
2.5 ^g/ml Fungizone
Where necessary consituents were made up to single strength media with 
the addition of s te r i le ,  d is t i l le d ,  deionized water
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b) MA-104 ce ll culture 
Growth medium
100% (v /v) Earles MEM (10 x strength. Flow Laboratories)
10% (v /v ) FCS
1% (v /v ) I-glutamine, 200mM
1% (v /v ) non -essential amino acids, NEAA (Flow Laboratories) 
0.13% (w/v) Sodium bicarbonate 
100 u/ml; 100 |jg/ml P e n ic i l l in ;  Streptomycin
Maintenance medium
Growth medium without serum
Overlayer medium
100% (v /v) Earles MEM 
1% (v /v) I-glutamine 
1% (v /v) NEAA 
0.13% (w/v) Sodium bicarbonate
7.5% .jug/ml Trypsin (tissue grade, Wellcome Reagents Ltd .)  
or 20 jjg/ml Porcine pancreatin (Sigma)
0.003% (w/v) Neutral red
100 u/ml; 100,jjg/ml P e n ic i l l in ;  Streptomycin
1.2% (w/v) Purified agar
100 jug/ml DEAE-dextran (Sigma)
c) Versene and Trypsin
An ampoule of freeze dried trypsin (Wellcome Reagents Ltd) was 
reconstituted with 100ml of s te r i le  water to give a 5% (w/v) solution  
which was stored frozen (-20°C) in 1ml amounts.
The versene trypsin solution was prepared by adding 1ml of stock 
trypsin to 100ml of 1:5000 versene (Welcome Reagents L td .) .
d) Cell preservation
Newly confluent cells  were dispersed with versene and trypsin
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and the detached cells  harvested in the versene& trypsin were centrifuged 
at low speed (800g for 10 minutes). The deposited cells  were resuspended 
in the preservation medium (growth medium containing twice the normal 
concentration of serum and 7.5% (v /v) dimethyl sulphoxide, DMSO( Fisons )
ce lls  ml -1 Two mlto give a f in a l cell concentration of 2 x 10 
volumes of the cells  were placed in p lastic  storage ampoules (Nunc) and 
l e f t  to equilibrate  for 1 hour at 4°C. Ampoules were cooled slowly to 
-190°C by insulating the ampoules in a polystyrene box and by placing 
the box in the nitrogen container.
For use, frozen ampoules were quickly thawed at 37°C and resuspended 
in an appropriate volume of growth medium (35ml per ampoule). A fter  
4 hours of incubation at 37°C, the medium was discarded, renewed and the 
cells  incubated until confluent.
e) Id en tif ica tion  of echoviruses
Echo Anti serum Pools
Pool 1 2 3 4 5
Numbers
6 l (a ) 15 19 29 6
7 2 17 31 30 7
8 5 18 24 32 9
9 12 22 25 27 11
10 13 23 26 3 14
a) Echovirus serotypes
Iden tif ica tion  of an unknown virus was made when i t  was neutralized  
by its  homologus serum appearing in both a horizontal and vertica l pool.
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(b ) E ffe c t o f pH and e luents on the recovery o f f2  bacteriophage from a c tiv a te d  sludge flo e s
Eluents pH Inoculum 
(100 Î ) .  A
Unadsorbed 
phage. 8
%
Unadsorbed
Adsorbed (a) 
phage
Phage in  
e luen t
%
Recovery
3 .0 Î (w /v) X 10^(1) 1.7 X 10® 36.7 2.9 X 10® 1.8 X 10® 12.3
Beef 4.0 4.0 X 10®(2) 1.6 X 10® 40.0 2.4 X 10® 1.7 X 10® 14.3
E xtrac t 9.9 X 10^(3) 3 .0 X 10® 30.2 6.9 X 10® 2.5 X 10" 7.2
(1) 1.5 X 10® 32.2 3.1 X 10® 2.2 X 10® 14.1
Ambient
(7 .0 )
(2)
(3)
1.2 X 10® 
2.8 X 10®
28.8
28.2
2.9 X 10® 
7.1 X 10®
2.8 X 10® 
5.2 X 10"
19.5
14.6
(1) 8.3 X 10® 18.4 3.7 X 10® 3.0 X 10® 16.4
9.0 (2) 1.4 X 10® 35.0 2.6 X 10® 1.6 X 10® 12.3
( 3 ) 9.7 X lo '' 9.8 9.0 X 10® 3.1 X 10^ 6.9
l.O i (w /v) (1) 1.5 X 10® 33.3 3.0 X 10® 1.7 X 10® 11.0
Skim 4.0 (2) 2.0 X 10® 5.0 3.3 X 10® 1.9 X 10® 9.7
M ilk (3) 8.7 X lO** 8.8 9.1 X 10® 2.5 X 10" 5.5
(1) 9.5 X 10® 21.1 3.6 X 10® 2.9 X 10® 16.1
Ambient
(7 .0 )
(2)
(3)
1.2 X 10® 
1.7 X 105
30.0
17.1
2.8 X 10® 
8 .2 X 106
2.5 X 10® 
3.7 X 10^
17.9
9.0
(1) 4 .5 X 10® 10.0 4.1 X 10® 1.9 X 10® 9.1
9.0 (2) 1.5 X 10® 37.5 2.5 X 10® 1.7 X 10® 13.2
(3) 5.7 X 10^ 5.7 9.4 X 10® 4.2 X 10^ 9.0
0.1 (w /v) 1.0 X 10^(3) 1.3 X lo'^ 13.0 8.7 X lo'* -
sodium 4.0 5.6 X 10®(4) 2.2 X 10® 38.6 3.4 X 10® N .D. -
dodecyl 6.4 X 10^(5) 1.0 X 10® 15.7 5.4 X 10® N .D . -
sulphate (3) 1.3 X lO** 13.0 8.7 X lo '* 1.2 X 10® 2.8
Ambient
(8 .0 )
( 4 )
(5)
9 .0 X 10® 
5.5 X 10®
16.1
8.6
4.7 X 10®
5.8 X 10®
1.9 X 10® 
3.4 X 10®
8.1
11.7
(3) 2.1 X 10^ 21.0 7.9 X 10“ 3 .0  X 10® 7.6
9.0 (4) 1.2 X 10® 20.6 4.4 X 10® 1.3 X 10® 5.6
( 5 ) 5.0 X 10® 7.8 5.9 X 10® 8.0  X 10^ 2.7
10% (v /v ) (3) 1.3 X lo'* 13.0 8.7 X 10'' 9 .5 X 10® 2.2
newborn 4.0 ( 4 ) 2.3 X 10® 41.3 3.3 X 10® 2.3 X 10® 13.7
c a lf (5) 9 .0 X 10® 14.1 5.5 X 10® 1.2 X 10® 4.4
serum
(3) 1.7 X 10^ 17.0 8.3 X 10^ 1.2 X 10® 2.9
Ambient
(7 .4 )
( 4 )
(5)
2.4 X 10®
1.5 X 10®
42.2
22.7
3.2 X 10® 
4.9 X 10®
3.3 X 10® 
1.8 X 10®
20.4
7.3
(3) 2.7 X 10^ 27.0 7.3 X 10^ 1.8 X 10® 4.8
9.0 ( 4 ) 1.6 X 10® 28.0 4.0 X 10® 3.3 X 10® 16.3
(5) 8 .0 X 10® 12.5 5.6 X 10® 2.3 X 10® 8.2
Deionized 7.6 X 10®(6) 1.6 X 10® 21.0 6 .0  X 10® 5 X 10® 16.6
Water 4.0 9.9 X 10^(7) 1.8 X 10® 18.1 8.1 X 10 2.4 X 10^ 6.0
8.9 X 10^(8) 3.3 X 10® 37.1 5.6 X 10® 1.9 X 10" 6.8
(6) 6.0 X 10® 7.9 7.0 X 10® 1.3 X 10® 37.0
Ambient
(7 .0 )
(7)
(8)
1.0 X 10® 
1.7 X 10®
10.4
19.4
8 .9 X 10® 
7.2 X 10®
2.4 X lo ''
8 .5 X 10®
5.4
2.4
(6) 1.2 X 10® 15.7 6.4 X 10® 1.3 X 10® 38.9
9.0 (7) 1.4 X 10® 14.1 8.5 X 10® 2.6 X 10" 6.0
(8) 2.0 X 10® 22.5 7.9 X 10® 2.0 X lO^ * 5.1
(a ) Adsorbed phage * A-B
(b ) pfu/ml
(c ) Hon detected
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( b ) E ffe c t  o f pH and e luents  on the recovery o f f2  bacteriophage from a c tiv a te d  sludge flo e s
Eluents pH Inoculum Unadsorbed X Adsorbed (a) Phage in %
(100 X ), A phage, 8 Unadsorbed phage eluent Recovery
3.0% (w/v) (®)4.5 X 10®(1) 1.7 X 10® 36.7 2.9 X 10® 1.8 X 10® 12.3
Beef 4.0 4.0 X 10®(2) 1.6 X 10® 40.0 2.4 X 10® 1.7 X 10® 14.3
E xtract 9.9 X 10®(3) 3 .0 X 10® 30.2 6.9 X 10® 2.5 X 10^ 7.2
(1) 1.5 X 10® 32.2 3.1 X 10® 2.2 X 10® 14.1
Ambient (2) 1.2 X 10® 28.8 2.9 X 10® 2.8 X 10® 19.5
(7 .0 )
(3) 2.8 X 10® 28.2 7.1 X 10® 5.2 X lo'* 14.6
(1) 8.3 X 10® 18.4 3.7 X 10® 3.0 X 10® 16.4
9.0 (2) 1.4 X 10® 35.0 2.6 X 10® 1.6 X 10® 12.3
(3) 9.7 X 10^ 9.8 9.0 X 10® 3.1 X 10^ 6.9
1.0% (w /v) (1) 1.5 X 10® 33.3 3.0 X 10® 1.7 X 10® 11.0
Skim 4.0 (2) 2.0 X 10® 5.0 3.3 X 10® 1.9 X 10® 9.7
M ilk (3) 8.7 X 10^ 8.8 9.1 X 10® 2.5 X lO** 5.5
( 1 ) 9.5  X 10® 21.1 3.6 X 10® 2.9 X 10® 16.1
Ambient (2) 1.2 X 10® 30.0 2.8 X 10® 2.5 X 10® 17.9
(7 .0 )
1.7 X 105(3) 17.1 8.2 X 106 3.7 X 10" 9.0
(1) 4 .5 X 10® 10.0 4.1 X 10® 1.9 X 10® 9.1
9.0 (2) 1.5 X 10® 37.5 2.5 X 10® 1.7 X 10® 13.2
(3) 5.7 X 10" 5.7 9.4 X 10®. 4.2 X 10^ 9.0
0.1 (w/v) 1.0 X 10®(3) 1.3 X 10^ 13.0 8.7 X 10^ N.o(^) -
sodium 4.0 5.6 X 10®(4) 2.2 X 10® 38.6 3.4 X 10® N.D. -
dodecyl 6.4 X 10®(5) 1.0 X 10® 15.7 5.4 X 10® N.O. -
sulphate (3) 1.3 X 10^ 13.0 8.7 X lO** 1.2 X 10^ 2.8
Ambient (4) 9.0 X 10® 16.1 4.7 X 10® 1.9 X 10® 8.1
(8 .0 )
(5) 5.5 X 10® 8.6 5.8 X 10® 3.4 X 10® 11.7
(3) 2.1 X 10^ 21.0 7.9 X lo'* 3.0 X 10® 7.6
9.0 (4) 1.2 X 10® 20.6 4.4 X 10® 1.3 X 10® 5.6
(5) 5.0 X 10® 7.8 5.9 X 10® 8.0 X 10** 2.7
10'. (v /v ) (3) 1.3 X 10^ 13.0 8.7 X 10^ 9.5 X 10® 2.2
newborn 4.0 (4) 2.3 X 10® 41.3 3.3 X 10® 2.3 X 10® 13.7
c a lf (5) 9 .0  X 10® 14.1 5.5 X 10® 1.2 X 10® 4.4
serum
(3) 1.7 X lo'^ 17.0 8.3 X 10^ 1.2 X 10® 2.9
Ambient (4) 2.4 X 10® 42.2 3.2 X 10® 3.3 X 10® 20.4
(7 .4 )
(5) 1.5 X 10® 22.7 4.9 X 10® 1.8 X 10® 7.3
(3) 2.7 X lo '' 27.0 7.3 X lo '* 1.8 X 10® 4.8
9.0 (4) 1.6 X 10® 28.0 4.0 X 10® 3.3 X 10® 16.3
(5) 8.0  X 10® 12.5 5.6 X 10® 2.3 X 10® 8.2
Deionized 7.6 X 10®(6) 1.6 X 10® 21.0 6.0 X 10® 5 X 10® 16.6
Water 4.0 9.9 X 10®(7) 1.8 X 10® 18.1 8.1 X 10 2.4 X 10^ 6.0
8.9 X 10®(8) 3.3 X 10® 37.1 5.6 X 10® 1.9 X lo'* 6.8
(6) 6.0 X 10® 7.9 7.0 X 10® 1.3 X 10® 37.0
Ambient (7) 1.0 X 10® 10.4 8.9 X 10® 2.4 X lO'* 5.4
(7 .0 )
(8) 1.7 X 10® 19.4 7.2 X 10® 8.5 X 10® 2.4
(6) 1.2 X 10® 15.7 6.4 X 10® 1.3 X 10® 38.9
9.0 (7) 1.4 X 10® 14.1 8.5 X 10® 2.6 X lo " 6.0
(8) 2.0 X 10® 22.5 7.9 X 10® 2.0 X 10^ 5.1
(a ) Adsorbed phage * A-B
(b) pfu/ml
(c ) Non detected
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i i )  Echo 1 (Inoculum 1) 1 x 10® TCID 50 m l ' \  A)
2) 1.6 X 10^
Eluent Virus % Adsorbed Virus in %
Unadsorbed,B Unadsorbed Virus Eluent Recovery
3% (w/v) 1. 1.6 X 10^ 15.9 8.4 x 10^ 4 .0 x 10^ 94.5
Beef ,  4  4
Extract 2. 1.6 x lO'  ^ 10.0 1.4 x 10^ 4.0 x 10^ 52.4
1% (w/v) 1 . 1 . 6 x 1 0 ^  15.9 8 . 4 x 1 0 ^  2 . 5 x 1 0 ^  59.9
Skim g . g
Milk 2. 2.5 X lO'  ^ 15.8 1.3 x 10  ^ 6.3 x lO'  ^ 82.0
10% (v /v) 1. 4.0 X 10^ 39.8 6.0 x 10^ 2.5 x 10® 83.7
Newborn o  ^ o
Calf 2 . 2 . 5 x 1 0 ' ^  15.8 1 . 3 x 1 0 ^  2.5 x 10^ 37.6
Serum_________________________________________________________________________
0.1%(w/v) 1. 4.0 X 10* 39.8 6 . 0 x 1 0 ^  4 . 0 x 1 0 ^  132.2
SDS 3 3 3
2. 6.3 X 10'  ^ 39.8 9.6 x lO'  ^ 2.5 x lO"* 52.4
Deionized 1. 4.0 x 10^ 39.8 6.0 x 10^ 6.3 x 10® 21.0
Water 2 . 4 . 0 x 1 0 ®  25.0 1 . 2 x 1 0 ^  1 . 6 x 1 0 ®  26.7
i i i )  Coxsackie B5 (Inoculum 1) 2.0 x 10^ TCID 50 ml A)
2) 7 .9  X 10^
Eluent Virus 
Unadsorbed, B
% (a) Adsorbed
Unadsorbed Virus
Virus in % 
Eluent Recovery
3% (w/v) 1. 1.6 X 104 8.0 1.8 X 10^ 1.6 X 10^ 174
Beef 1. 1.0 X 10^ 5.1 1.9 X 10^ 6.3 X 10^ 67
Extract 2. 2.5 X 10^ 3.2 7.7 X 10^ 1.6 X 10^ 20.7
1% (w/v) 1. 6.3 X io3 3.2 1.9 X io5 6.3 X 10^ 65.8
Skim 1. 6.3 X 10^ 3.2 1.9 X 10^ 1.0 X 10^ 10.4
Milk 2. 1.0 X 10^ 12.6 6.9 X 10^ 1.0 X 10'^ 2.9
10%(v/v) 1. 1.0 X 104 5.1 1.9 X 105 1.0 X 10^ 10.6
Newborn 1. 1.6 X 10^ 8.0 1.8 X 10^ 1.6 X 10^ 162.0
Calf 2 1.0 X 104 12.6 6.0 X 104 6.3 X 10^ 1.1
0.1%(w/v) 1. 1.6 X 104 8.0 1.8 X 10^ 4.0 X 1o4 43.8
SDS 1. 1.6 X 10^ 8.0 1.8 X 10^ 1.6 X 10^ 17.5
2. 6.3 X 10^ 7.9 7.3 X 10^ 6.3 X 10*^ 17.3
Deionozed 1. 1.0 X 104 5.1 1.9 X 105 4.0 X 104 42.3
Water 1. 4.0 X 10^ 20.1 1.6 X 10^ 1.6 X 10^ 20.1
2. 6.3 X 10^ 8.0 7.3 X 10^ 4.0 X 10*^ 10.9
(a)
(b)
Adsorbed virus = A- 
TCID 50 ml"!
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d) Effect of skim milk on the recovery of polio 1 and echo 1 
from (plant a ) anaerobic digested sludge
Virus T itre  of unadsrobed 
Virus
% Expected t i t r e  T itre  of eluted 
Unadsorbed in 200ml eluent Virus
%
Elutei
Polio 1 9.0 X 10®(a) 17.7 1.0 X 10^ 6.5 X 10^ 49.4
Inoculum 9.0 X 1 0 ® 17.7 1.0 xlO* 5.5 X 10^ 41.8
5.1 X 10^ 1.4 X 10^ 26.8 9.3 X 10^ 2.0 X 10^ 17.1
9.4 X 10^ 18.5 1.0 X 10^ 6.0 X 10^ 46.0
5.6 X 10^ 11.0 1.1 X 10^ 3.0 X 10^ 21.1
6.4 X 10^ 12.6 1.1 X 10^ 4.0 X 10^ 28.6
1.3 X 10^ 110.8 - 1.5 X 10^ -
Echo 1 6.1 X 10^ 50.4 1.5 X 10^ 1.0 X 10^ 67.2
Inoculum 8.9 X 10^ 74.2 7.8 X 10^ 8.0 X 10^ 103.2
1.2 X 10® 1.2 X 10^ 103.3 - 2.0 X 10^ -
1.1 X 10^ 91.7 2.5 X 10^ 7.0 X 10^ 280.0
9.6 X 10^ 80.0 6.0 X 10^ 4.0 X 10^ 66.7
“1
(a) TCID 50 ml
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f ) A comparison of d if fe re n t  isolation techniques for the recovery of 
SA-11 from (p lan t g ) activated sludge.
i )  Elution
Virus Method Inoculum
in 100ml
Unadsorbed
Virus
%
Unadsorbed
Eluted Virus 
i n 200ml
%
Eluted
SA-11 Milk elution; 3.8 x lO^(a) 6.6 0.01 6.5 X 03 14.8
acid 3.3 0.01 1.1 X 0^ 37.7
precipitation 45.6 0.05 1.0 X 0^ 22.8
2.4 X 10* 40.0 0.17 1.4 X 0^ 11.4
60.0 0.25 1.6 X 0^ 13.0
- - 1.3 X 0^ 10.5
Milk elution; 7.9 x 10^ - ( b ) - 2.2 X 04 54.4
hydroextration - - 1.2 X 0^ 29.2
- - 2.0 X 0^ 49.4
Polio 1 Milk elution 3.1 x 10^ 55 0.18 2.4 X 03 15.5
acid 75 0.24 2.0 X 0^ 12.9
precipitation 50 0.16 1.3 X 0^ 8.1
SA-11 BSA elution 8.8 x 10^ - - 1.9 X 04 43.4
BSA-salmine - - 1.6 X 0^ 35.4
precipitation - - 1.3 X 0^ 29.7
2.4 X 10^ 45 0.19 1.5 X 0^ 100.0
105 0.44 5.0 X 0^ 42.4
110 0.46 9.5 X 0^ 80.5
Polio 1 3.1 X 10^ 15 0.05 8.5 X 02 5.5
45 0.15 1.0 X 0^ 6.5
80 0.26 1.2 X 0^ 7.7
i i )  Concentration
- 2 5 6 -
Virus Non ppt. % Lost in Expected virus
Virus Precipitation t i t r e  in 5ml
conc.
Concentrated %
Virus Concentrated
SA-11 10 0.15 2.6 X 0®(a) 1.8 X l o ' 67.3
N.D. (c) - 6 . 6  X 0^ 3.4 X l o ' 52.7
N.D. - 4.0 X 0^ - -
10 0.74 5.4 X 0^ 3.7 X 10^ . 68.5
20 1.30 6.2 X 0^ 3.2  X 10^ 50.8
N.D. - 5.0 X 0^ 2.1 X 10^ 42.8
- ( b ) - 4.3 X o ' 1.6 X l o ' 36.3
- - 2.3 X o ' 5.0 X 10^ 21.7
- - 3.9 X o ' 6.7 X 10^ 17.2
Polio 1 40 1.7 9.6 X 04 3.0 X 104 30.7
20 1.0 8.0 X 0^ 3.7 X 10^ 45.6
35 2.8 5.0 X 0^ 2.8 X 10^ 55.0
SA-11 N.D. - 7.6 X o ' 5.3 X 104 6.9
10 0.06 6.2 X o ' 6.0 X 10^ 9.7
N.D. - 5.2 X o ' 1.7 X l o ' 33.3
N.D. - 6.0 X o ' 8.0 X 10^ 13.3
10 0.2 2.0 X o ' 6.5 X 10^ 32.5
N.D. - 3.8 X o ' 1.9 X l o ' 5.1
Polio 1 6.5 X 10)2 76.5 3.4 X o4 2.4 X l o ' 6.9
8.5 X 10^ 85.0 3.4  X 0^ 3.7 X l o ' 9.1
6.0 X 10^ 50.0 2.4 X 0^ 1.5 X l o ' 3.1
a)
b)
c)
_1
pfu ml 
Not done 
Not detected
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g) The recovery of seeded virus from sludge by elution with beef extract,  
concentration by acid precipiation and treatment with dithizone
i )  Origin and characteristics of raw and digested sludge samples
Code
Number
Date of 
Sample Plant
•Sample
Type
Dry wt
(gi " h
1 5.9.79 C Raw 38.4
2 10.9.79 C Raw 23.5
3 11.9.79 C Digested 17.7
4 24.1.80 G Raw 19.5
5 29.1.80 G Raw 39.6
6 11.2.80 C Raw 34.8
7 11.2.80 C Digested 2 0 . 0
8 26.2.80 H Raw 50.0
9 26.2.80 H Digested 34.3
10 5.3.80 J Raw 25.6
11 5.3.80 J Digested 34.3
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i i )  Elution
V iru s Sludge code O r ig i n a l V i ru s  in %
type number inoculum e l u e n t e lu te d
P o l io  1 1 2 . 0  X 10®(b) 1 .6  X 10® 7 9 .3
1 2 .0  X 10® 1 . 0  X 10® 50 .3
2 1 . 2  X 10® 4 . 0  x lO * 3 2 . 0
3 1 . 2  X 10® 7 . 9  X 10^ 6 3 , 8
5 7 . 9  X 10^ 4 . 0  X 10^ 5 0 .5
Coxsackie 4 1 . 6  X lo'^ 1 . 9  X 10^ 1 1 8 .8
B5 5 2 . 0  X 10^ 6 . 3  X 10^ 3 1 5 .0
6 8 . 0  X 10® 6 . 3  X 10® 7 9 .3
10 5 . 0  xlO® 6 . 3  X 10® 126 .6
7 8 . 0  X 10® 6 . 3  X 10® 79 .3
11 5 . 0  xlO® 4 . 0  xlO® 8 0 . 0
Echo 1 5 5 .0  X 10® 2 . 5  X 10® 5 0 .2
6 1 . 0  X 10® 6 . 3  X 10® 6 3 .0
8 1 .6  X 10® 1 . 0  X 10^ 6 2 5 .0
10 2 . 5  X 10® 4 . 0  xlO® 1 6 0 .0
7 1 . 0  X 10® 1 . 0  X 10® 1 0 0 .0
9 1 .6  xlO® 1 . 0  X lo'* 6 2 5 .0
a) Method: 10% sludge solution with 3% BE, pH 10
b) TCID 50 ml"!
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i ) Analysis of variance calculation
Polyelectrolyte concentration
Replicates 0.5 1.0 2.0 4.0
1 0.443 0.424 1.042 0.854
2 0.317 0.466 0.609 0.875
3 0.410 0.756 0.852 0.785
Total
No. of replicates; n 3 3 3 3 12
Treatment tota ls  ; I  1.17 1.646 2.503 2.514 7.833
Treatment means ; "x 0.39 0.549 0.834 0.838 2.611
C = (7.833)2
12
5.113
SS = 5.727 -  5.113 = 0.614
SST 16.663 - 5.113 
3
= 0.442
SSE 0.614 - 0.442 = 0.172
Parti t ion of treatment sum of squares
SSo.5 " (1.646 + 2.503 Hh 2.514)2
+ (1.17)2 _ 51^3
9
= 0.275
' 3
SSl.O = (1.17 + 2.503 + 2.514)2 ^ (1.646)2 -  5.113
9
= 0.043
3
SSg.O = (1.17 + 1.646 + 2.514)2 -i- (2.503)2 - 5.113
9
= 0.132
3
SS4 . 0
(1.17 + 1.646 + 2.503)2 +• (2.514)2 _ 3 -,13 = 0.138
9 3
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Appendix IV
a) Origin and characteristics of sludge samples tested for the 
presence of virus during 1980
Date
(a)
Code
Number
1980
Sludge
Type
Pliant
Sampling 
Method
Dry wt
(g i
Assayed
4.2 1 Raw C 3-day blend 38.7 A(b)
4.2 2 Digested C 3-day blend 5.4 A
4.2 3 Digested C 3-day blend 15.3 A
4.2 4 Digested C • 3-day blend 27.2 A
1 1 . 2 5 Raw C dip 34.8 A
1 1 . 2 6 Digested C dip 20.0 A
19.2 7 Raw C dip 39.1 A
19.2 8 Digested C dip 19.0 A
19.2 9 Raw H dip 49.2
19.2 1 0 Digested H dip 15.1
19.2 11 Raw J dip 33.4
19.2 1 2 Digested J dip 17.1
26.2 13 Raw C 24h blend 31.5
26.2 14 Digested C 24h blend 20.6
26.2 15 Raw H dip 50.0 A
26.2 16 Digested H dip 34.3 A
26.2 17 Raw J 3-day blend 36.0 A
26.2 18 Digested J 3-day blend 14.6 A
26.2 19 Raw K 3-day blend 36.6
26.2 2 0 Digested K 3-day blend 2 0 . 8
3.3 21 Raw C dip 35.0
3.3 2 2 Digested C dip 2 1 . 2
3.3 23 Raw H 3-day blend 48.4
3.3 24 Digested H 3-day blend 60.3 A
3.3 25 Raw K 24h blend 29.8 A
3.3 26 Digested K 24h’ blend 3.3 A
3.3 27 Raw J 3-day blend 25.6 A
3.3 28 Digested J 3-day blend 26.1 A
10.3 29 Raw C 3-day blend 32.2
10.3 30 Digested C dip 18.1
a) Cont'd.
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Date Code
Number
1980
Sludge
Type Plant
Sampling 
Method
Dry wt
Assayed
10.3 31 Raw H dip 8.9
10.3 32 Digested H dip 31.6
10.3 33 Raw J d ip 30.6
10.3 34 Digested J d'ip 14.7
17.3 35 Raw C . 3-day blend 35.0
17.3 36 Digested C 3-day blend 2 2 . 2
17.3 37 Raw H 24h blend 38.5
17.3 38 Digested H 24h blend 18.1
17.3 39 Raw J 24h blend 33.8
17.3 40 Digested J 24h blend 19.3
24.3 41 Raw C 3-day blend 32.9
24.3 42 Digested C 3-day blend 2 0 . 8
24.3 43 Raw H 24h blend 45.3
24.3 44 Digested H 24h blend 15.2
24.3 45 Raw J 24h blend 29.4
24.3 46 Digested J 24h blend 18.5
31.3 47 Raw C 3-day blend 32.0
31.3 48 Digested C . 3-day blend 16.9
31.3 49 Raw H 24h blend 51.4
31.3 50 Digested H 24h blend 17.4 A
31.3 51 Raw J 24h blend 26.8
31.3 52 Digested J 24h blend 16.8
14.4 53 Raw C 3-day blend 33.6
14.4 54 Digested C 3-day blend 18.9 A
14.4 55 Raw H 24h blend 38.4 A
14.4 56 Digested H 24h blend 31.7 A
14.4 57 Raw J . 24h blend 35.6 A
14.4 58 Digested J 24h blend 19.2 A
21.4 59 Raw C 3-day blend 35.4 A
21.4 60 Digested C 3-day blend 17.8 A
- 2 6 8 -
a) Cont'd
Date CodeNumber
1980
Sludge
Type Plant
Sampling 
Method
Dry wt
(g i 'T ) Assayed
21.4 61 Raw H 24h blend 44.3 A
21.4 62 Digested H 24h blend 1 1 . 8 A
21.4 63 Raw J 24h blend 29.8 A
21.4 64 Digested J 24h blend 1 2 . 6 A
28.4 65 Raw C 3-day blend 34.6 A
28.4 6 6 Digested C 3-day blend 13.3 A
28.4 67 Raw H 24h blend 59.1 A
28.4 6 8 Digested H 24h blend 20.4 A
28.4 69 Raw J 24h blend 30.3 A
28.4 70 Digested J 24h blend 19.4 A
7.5 71 Raw C 3-day blend 36.0 A
7.5 72 Digested C 3-day blend 32.7 A
Method : 20ml sludge diluted to 200ml 3.0% beef extract,
concentration to 5.0ml
a) Date when sample processed (1980)
b) Assayed by the suspended cell  plaque test method 
(a l l  results negative).
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b) Titres of infectious virus isolated from sludge samples and the
i ) Plant A 
Raw sludge
(a)
(b)
(c )
1980
Not typed 
Not identif ied
Code
Number
Date
(a)
Volume
taken
(ml)
Dry wt
( g i - T )
pfu 1 0 0 ml ^ pfu g"^ Virus Ident i f ica t ion
73 12.5 40 40.6 <12.5 < 0.3 -
81 28.5 40 13.3 50.0 37.6 N.T.(b)
90 1 1 . 6 2 0 49.8 <12 .5 ^ 2.5 -
1 0 2 25.6 20 48.7 <12.5 < 2 . 6 -
1 1 2 8.7 40 14.6 1,300.0 890.4 N.T.
123 22.7 20 36.2 3,362.5 928.9 B5;B5;B5;Echo 5;Echo
137 5.8 20 43.5 1,975.0 454 P1;P3;B5
147 19.8 2 0 62.9 175.0 27.8 B3;B3;B3;B5.
154 2.9 2 0 40.0 12.5 3.1 B3.
165 23.9 2 0 45.3 600.0 132.5 B3;B5
180 7.10 2 0 28.5 75.0 26.3 B3;B5;B5;B5.
193 2 1 . 1 0 2 0 21.7 400.0 184.3 P1;P1;P3;B3;B3.
209 4.11 2 0 41.7 1,862.5 446.6 P2;B5;B5;B5;B5.
224 18.11 2 0 29.5 1 0 0 . 0 33.9 N.T.
239 1 0 . 1 2 40 17.3 < 6.3 < 3 .6 -
Anaerobic mesophilic digested sludge
74 12.5 40 2 2 . 2 12.5 5.6 N.T.
82 28.5 40 13.5 <12.5 < 9.3 -
91 1 1 . 6 40 2 0 . 0 12.5 6.3 P2.
103 25.6 40 10.4 131.3 126.2 PI.
113 8.7 40 17.7 212.5 1 2 0 . 1 N.T.
124 22.7 40 27.3 162.5 59.5 P1;P2;B3;B5;B5;B5.
138 5.8 40 17.3 237.5 137.3 B5.
148 19.8 40 16.4 18.8 11.4 B3;B5;Echo 5.
155 2.9 40 16.7 < 6.3 < 3.7 -
166 23.9 40 11.4 18.8 16.5 B5;? (c)
181 7.10 40 9.0 25.0 27.8 P3;B3;B5-,B5;
194 2 1 . 1 0 40 8.5 < 6.3 < 7.4
210 4.11 40 16.1 150.0 93.2 P1;P1;P2;P2;B5.
225 18.11 40 7.1 < 6.3 < 8 . 8 -
240 10.12 40 12.4 50.0 40.3 N.T.
- 270-
Plant A
Consolidated mesophilic digested sludge
Code
Number Date
Volume
taken
(ml)
Dry wt 
(gi"^) pfu 100 ml ^ pfu g"^ Virus Ident i f icat ion
75 12.5 20 124.0 <1 2 .5 < 1 .0 -
83 28.5 20 75.0 <25.0 <1.7 -
92 11.6 20 94.4 <12.5 <1 .3 -
104 25.6 40 41.6 <6.3 <1.5 -
114 8.7 20 42.7 <25.0 < 5 .9 -
125 22.7 20 73.9 1,200.0 162.6 B5.
139 5.8 40 25.4 175.0 68.9 P1;P2.
149 19.8 40 18.1 12.5 6.9 B3
156 2.9 40 36.7 < 6 .3 <1.7 -
167 23.9 20 53.0 87.5 16.5 N.T.
182 7.10 20 87.0 350.0 40.2 P2
195 21.10 20 98.0 175.0 17.9 B4;B5;B5;B5.
211 4.11 20 64.1 < 12.5 < 2.0 -
226 18.11 20 78.8 <12.5 < 1 . 6 -
241 10.12 20 79.0 <12.5 <1.6 -
Aerobic thermophilic digested sludge
95 11.6 40 27.6 < 6.3 < 5.4 -
107 25.6 40 11.8 75.0 63.6 P1;B3;B5.
116 8.7 40 21.8 < 12.5 < 5.7 -
126 22.7 40 27.2 25.0 9.2 B3;B3;B5;B5.
140 5.8 40 29.1 112.5 38.7 P3;P3;B5;B5.
227 18.11 20 29.9 < 12.5 < 4.2
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Plant A
Surplus activated sludge
Code
Number Date
Volume
taken
(ml)
Dry wt
(g i 'T )
pfu 100 ml’ ^ pfu g"^ Virus Ident i f ica t ion
84 28.5 20 7.3 i f  25.0 < 34.3 -
93 11.6 40 6.0 6.3 10.4 Echo 30
127 22.7 40 7.4 6.3 8.5 B3.
141 5.8 40 10.2 62.5 61.3 B5
150 19.8 40 5.2 < 6.3 <12.1 -
157 2.9 40 5.9 < 6.3 <10.6 -
168 23.9 40 4.4 18.8 42.6 P2;B3.
183 7.10 40 1.4 < 6.3 <44.6 -
196 21.10 40 5.0 12.5 25.0 P2;P3;P3.
214 4.11 40 6.2 6.3 10.1 P3
228 18.11 40 5.4 < 6.3 <11.6 -
242 10.12 40 5.3 18.8 35.4 N.T.
Consolidated surplus activated sludge
76 12.5 40 9.8 50.0 51.0 P1;P1;P2;P2;P2;B3.
85 28.5 40 7.2 12.5 17.4 N.T.
94 11.6 20 30.5 175.0 57.4 P2;P2;B3
1 0 5 ( 3 ) 25.6 20 17.8 325.0 (82.6 PI
106 20 19.4 562.5 290.0 P1;B5
115 8.7 20 25.5 312.5 122.5 B3;B3;B5;B5;B5
128(3) 22.7 20 18.6 300.0 161.3 P2;B3;B3;B5
130 21.5 135.0 1,104.7 81.9 N.T.
142 5.8 20 31.3 800.0 255.6 P2;B5
151 19.8 40 7.0 < 6.3 < 8.9 -
158 2.9 20 30.7 37.5 12.2 P1;B5;B5
1 6 9 (3 ) 23.9 20 31.5 125.0 39.7 B3;B5;B5;B5;B5
170 20 60.3 125.0 20.7 P2;P3;B3;B3;B5
184 7.10 20 46.5 387.5 83.3 P2;B4;B5;B5;B5
197 21.10 20 47.6 550.0 115.6 P2;P3;P3;B2;B5
215 4.11 20 28.3 12.5 4.4 B5
229 18.11 20 30.2 <12 .5 < 4.1 -
243 10.12 20 25.6 187.5 73.2 B5;B5;B5;B5
(a) Duplicate samples
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i i )  P la n t  B
Raw S lu d g e
a) 1 g dry wt = wet wt
b) wet wt taken
Code
Number Date
Volume
taken
(ml)
Dry wt 
( g T ^ pfu 100 ml”^ pfu g"l Virus Ident i f ica t ion
108 1.6 20 30.6 1587.5 518.8 P1;P1;P3;P3;?
131 29.6 40 3 8 .b 675.0 175.3 P2
172 30.9 20 30.1 187.5 62.3 P2;P2;P2;P2;P3
201 28.10 20 24.5 1387.5 566.3 B5;B5
231 24.11 20 33.7 < 12.5 < 3.7 -
Consolidated raw sludge
173 30.9 20 61.1 525.0 85.9 P3;P3;B3;B5;?
202 28.10 20 53.3 1793.8 673.0 B4;B5;B5;B5;B5;B5
232 24.11 20 44.9 12.5 2.8 N.T.
Anaerobic mesophilic digested sludge
174 30.9 40 26.9 18.8 7.0 B5;B5;B5;B5
203 28.10 40 20.4 106.3 52.1 P2;P2;P3;B5;B5
233 24.11 40 26.6 < 6.3 < 2 . 4 -
Consolidated mesophilic digested sludge
175 30.9 40 28.2 12.5 4.4 P3
204 28.10 40 18.2 50.0 27.5 P2;B5;B5;B5;B5
234 24.11 40 24.7 < 6 .3 < 2 . 5 -
Surplus activated sludge
86 3.6 40 13.7 < 6.3 < 4.6 -
109 1.7 40 13.0 125.0 96.2 P2;P3;B3;B3
132 29.7 40 12.9 712.5 552.3 B4
176 30.9 40 . 12.6 143.8 114.1 P2;P2;P3;P3;B5
205 28.10 40 15.0 431.3 287.5 P2;B2;B5;B5;B5
235 24.11 40 15.7 <  6.3 < 4.0 -
Consolidated surplus activated sludge a) Ig dry tvt = wet wt b) wet wt taken
87 3.6 40 35.3 < 6.3 < 1.8 -
133 29.7 20 44.0 1075.0 244.3 N.T.
177 30.9 20 32.6 25 7.7 B5;B5
206 28.10 a)15.1 b)21.9 - 183.1 B5;B5;B5;B5
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i i i )  P la n t  C
Raw S lu d g e
Code
Number Date
Volume
taken
(ml)
Dry wt
(g i 'T )
pfu 100 ml ^ pfu g"^ Virus Ident i f ica t ion
96 17.6 20 42.9 < 12.5 < 2.9 -
119 15.7 20 39.2 5,600.0 1428.9 P1;B3;B4;B4;B4
136 29.7 40 35.1 1,375.0 391.7 B5;B5;B5;B5
178 30.9 20 27.8 962.5 346.2 P3;B5;B5
207 28.10 20 31.7 775.0 244.5 N.T.
237 24.11 20 34.6 < 12.5 < 3.6 -
Anaerobic mesophilic digested sludge
97 17.6 40 15.0 37.5 25.0 P1;P1;P1;B4;B5;B5
120 15.7 40 20.7 400.0 193.2 P1;P3
179 30.9 40 11.8 125.0 105.9 P2;P3;B1;B5*,B5
208 28.10 40 16.7 350.0 209.6 B5;B5;B5*,B5
238 24.11 40 16.4 < 6.3 < 3.8 —
- 2 7 4 -
i v )  P la n t  D
Raw + humus s lu d g e
Code
Number Date
Volume
taken
(ml)
Dry wt
(g i 'T )
pfu 100 ml pfu g" ‘ Vi rus Ident i f icat ion
79 20.5 20 89.6 2 ,975,0 332.0 PI
100 17.6 20 48.4 300.0 62.0 PI ;P1
117 15.7 20 64.6 25.0 3.9 N.T.
143 12.8 40 24.6 250.0 101.6 P2 ;P2;;B5;?
159 10.9 40 72.2 < 6.3 <  0.9 -
186(a) 14.10 20 65.4 4 ,037.5 617.4 PI ;P3;;P3;B3;B3;B5
187 40 10.7 275.0 257.0 PI ;B3;;B3;B3;B3;B3
217(a) 11.11 20 68.5 675.0 99.0 P3;B3;;B3;B3;B5;B5
218 20 38.1 287.5 75.5 P2 ;P2;;P2;P3;P3;B3;B5
Lime/coperas f i I t e r  press cake
Code
Number Date
Ig dry 
wet wt
wt = Wt. taken 
(9) (g)
pfu g"^ Vi rus Ident i f ica t ion
80 20.5 T pfu = 0(b) -
101 17.6 2.0 9. 4 < 0.5 -
118 15.7 2.1 10. 3 < 0 .5 -
144 12.8 2.4 13. 3 < 0 .9 -
160 10.9 3.5 10. 1 < 0 .9 -
188 14.10 3.3 10. 8 0.8 PI
219 11.11 2.9 12. 4 ^ 0.6 —
a) raw and humus sludge processed separately
b) Weight of sample unknown
V ) - P la n t  E
Raw + humus s lu d g e
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Code
Number Date
Volume
taken
(ml)
Dry wt
(g i 'T )
pfu 100 ml”^ pfu g"^ Virus Ident i f icat ion
88 3.6 20 31.4 < 12.5 ^ 8.3 -
110 1.7 40 49.9 1,200.0 240.5 P1;P2
134 29.7 40 57.7 625.0 108.3 PI
152 28.8 40 30.3 6.3 2.1 P2
161 10.9 20 53.8 262.5 48.8 PI;P2;Echo
189 14.10 20 34.4 287.5 83.6 P1;P1;P2;P2;P3;B4.
220 11.11 20 36.6 <  12.5 < 3.4 -
Centrifuged cake
Code
Number Date
Ig dry wt = 
wet wt (g)
Wt. taken
(g)
pfu g“^ Virus Iden t i f ica t ion
89 3.6 1.9 8 . 0 <  1.3 -
111 1.7 4.3 9 . 4 51.9 Pl
135 29.7 4.5 1 2 . 3 123.2 N.T.
153 28.8 4.3 8.8 24.6 P2-,B3;B3;B3;B3
162 10.9 8.4 11.3 < 1 . 8 -
190 14.10 4.8 10.8 1.1 Pl
221 11.11 4.6 13.9 < 0.5 -
v i )  P la n t  F
Raw + humus s lu d g e
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Code
Number Date
Volume
taken
(ml)
Dry wt _i 
(g-,-1) pfu 100. ml pfu g“^ Virus Idenfic iat ion
77 20.5 20 44.7 299.5 67.0 N.T.
98 17.6 30 31.9 < 8.3 2.6 -
121 15.7 20 60.7 3250.0 535.4 P2;P2;;P3 ;P3;B5;B5;B5
145 12.8 20 58.0 3625.0 625.0 Pl
163 10.9 20 104.9 150.0 14.3 P1;P3;;?
191 14.10 20 31.7 87.5 27.6 P1;P1;;P1 ;P1;P3;B5
222 11.11 20 102.1 < 1 2 .5 < 1.3 -
F i 1 ter pressed cake
Code
Number Date
Ig dry 
wet wt
wt =
(g)
Wt. taken
(g)
pfu g-^ Virus Ident i f ica t ion
78 20.5 - - pfu = 0(a) -
99 17.6 2.58 9.1 < 0..7 -
122 15.7 4.6 9.3 <1. .2 -
146 12.8 1.2 8.4 <0,.4 -
164 10.9 4.8 10.3 <1..2 -
192 14.10 2.1 11.0 <0..5 -
223 11.11 1.9 15.0 <0,.3 -
(a) Weight of sample unknown
-2 7 7 -
c) Ti tres of infectious virus isolated from Plant G sewage treatment 
plant, July 1980 - June 1981
i )  Raw sludge 
(a) 1980 - 1981
Date
Volume
taken
(ml)
Dry wt
( g r b
Fraction pfu r ' ' Virus Identif icat ion
8.7 20 37.2 Liquid <  50.0 .
Solid 1,187.5 N.T.
5.8 40 30.6 Liquid < 50.0 -
Sol id 500.0 B2;B3;B3;B3;B5
4.9 40 42.6 Liquid < 50.0 -
Solid < 62.5 -
3.10 40 22.3 Liquid 50.0 N.T.
Sol id < 62.5 -
4.11 40 15.4 Liquid <  25.0 -
Solid 15,312.5 B5;B5
9.12 40 34.4 Liquid < 50.0 -
Solid < 6 2 .5 -
6.1 100 53.1 Liquid <33.3 -
Solid <25.0 -
4.2 50 16.9 Liquid <40 .0 -
Solid <13.3 -
3.3 40 47.6 Liquid 75.0 N.T.
Solid <62.5 -
5.4 20 25.9 Liquid 75.0 V
Solid <125.0 -
4.5 20 13.7 Liquid 100.0 B4
Sol id 7,250.0 P1;P2;P2;B4;B5;B5
2.6 20 29.8 Liquid <150 .0 -
Solid <125.0 -
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i i )  Primary settled sewage
Date
Volume
taken
(ml)
Dry wt
(g i 'T )
Fraction pfu Virus Ident i f ica t ion
8.7 5.0 82 Liquid 75.0 P2;P2
Sol id 83.9 P2;B4
5.8 3.3 70 Liquid 30.3 N.T.
Solid 44.7 P2;P3
4.9 3.3 98 Liquid < 7.3 -
Sol id 11.4 B3;B5;65;?
3.10 3.3 104 Liquid < 4 .9 -
Sol id 9.1 P2;B3;B5;B5;B5
4.11 3.3 108 Liquid < 6.8 -
Sol id 93.9 B5;B5;B5;B5;B5
9.12 3.3 116 Liquid 307.1 P1;P1;B5;B5;B5
Solid 109.9 B3;B5;B5;B5;B5
6.1 3.3 112 Liquid 207.3 N.T.
Sol id 0.8 P3
4.2 3.3 106 Liquid < 11 .5 -
Sol id 3.8 P3;B5;B5;B5
3.3 3.3 82 Liquid < 5.3 -
Sol id < 0.5 -
5.4 3.3 98 Liquid 493.2 P1;B5;B5
Solid • 17.7 P2;B5;B5
4.5 3.3 84 Liquid 21.2 B4
Sol id 21.4 P2;P2;P3;B2;B2
2.6 3.3 78 Liquid 572 B5;B5
Solid 125.8 P3;B2;B2;B5;B5;B5
i i i ) Activated sludge
-2 7 9
Date
Volume
taken
Dry wt
( g i ' 5
Fraction pfu l"* Virus Ident i f ica t ion
8.7 100 1.8 Liquid < 2 5 .0 -
Solid 300.0 N.T.
5.8 100 1.9 Liquid < 25.0 -
Solid 125.0 P2;P2
4.9 100 1.5 Liquid <25.0 -
Sol id 25.0 85
3.10 100 2.9 Liquid <10 .0 -
Sol id 50.0 N.T.
4.11 100 5.8 Liquid <25.0 -
Sol id 175.0 P2;P2;P3;B5;B5
9.12 100 3.0 Liquid <25 .0 -
Solid 675.0 P2;P3;P3;B5;B5
6.1 100 2.4 Liquid <33 .3 -
Solid <33.3 -
4.2 100 2.5 Liquid <33.3 -
Sol id <20.0 -
3.3 100 6.0 Liquid 40.0 N.T.
Sol id <20.0 -
5.4 100 2.5 Liquid <15.0 -
Sol id 50.0 N.T.
4.5 100 2.6 Liquid <10.0 -
Solid 1,200.0 B2;B3;B4;B4;B5;B5
2.6 100 5.0 Liquid <15.0 -
Sol id 200.0 B2;B5;B5
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iv) Activated sludge eff luent
Date
Volume
taken
(ml)
Dry wt
( g i " ' ' ) Fraction pfu 1 ^ Virus Ident i f icat ion
8.7 5.0 ll .U Liquid 
Sol id
<  7.0 
1.0 P3;B5
-
5.8 5.0 7.0 Liquid 
Sol id
< 5 . 5
0.3 85
-
4.9 5.0 15.0 Liquid 
Sol id
< 9 . 5
0.5 P3
-
3.10 5.0 17.0 Liquid 
Sol id
4.6
< 0 . 2
P3;85
4.11 3.3 20.3 Liquid 
Sol id
< 6 .8
< 0 . 2 -
9.12 3.3 17.0 Liquid 
So l id
< 7.7 
0.3 85
-
6.1 3.3 12.0 Liquid 
Sol id
20.5
0.3
P1;P1
85;85
4.2 3.3 7.0 Liquid 
Sol id
<  5.8 
1.0 85;85
-
3.3 3.3 14.0 Liquid
Solid
< 5 .3
< 0 .4
5.4 3.3 20.0 Liquid 
Sol id
< 5 .3
2.1 P2;85
-
4.5 3.3 10.0 Liquid
Solid
<5.3
0.3 85
-
2.6 3.3 21.0 Liquid <5.3 -
Sol id 2.5 B5;85; B5;85;B5
-2 8 1 -
v) F i l t r a t io n  of primary settled sewage and activated sludge 
eff luent samples
Date(a) Volumetaken
(1)
Sample
(b)
pfu Virus Ident i f icat ion
24.3 10 Settled Sewage 60.0 85
5.3 10 Settled Sewage 51.8 B5;B5;B5;B3
9 Effluent 0.3 B5
4.5 10 Settled Sewage 11.0 Pl ;P2;P2;P3;P3
10 Effluent < 1 .0 -
2.6 10 Settled Sewage Si.O B5;B5;B5;B5;B5;B5
10 Effluent 0.3 B5
(a) 1981
(b) C lar i f ied  samples
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Appendix V
a) Titres of infectious virus isolated from sludge samples
during May and June 1981
i )  Plant A
Raw sludge
Code
Number Date(^)
Volume
taken
(ml)
Dry wt
o r ’ ) pfu 100 mT^ pfu g“^
10 4.5 20 64.1 3,025.0 471.9
20 12.5 40 37.1 1,106.3 298.2
32 20.5 20 30.2 375.0 124.2
44 28.5 40 26.1 712.5 273.0
56 2.6 20 45.9 3,125.0 680.8
68 9.6 20 65.6 62.5 9.5
80 17.6 20 40.4 50.0 12.4
92 23.6 20 48.3 200.0 41.4
Anaerobic mesophilic digested sludge
11 4.5 40 20.2 125.0 61.9
21 12.5 40 15.4 243.8 158.3
33 20.5 40 14.4 112.5 78.1
45 28.5 40 17.1 106.3 62.1
57 2.6 40 18.1 125.0 66.5
69 9.6 40 12.3 31.3 25.4
81 17.6 135 5.1 7.4 14.5
93 23.6 100 2.7 5.0 18.9
Consolidated digested sludge
T.2 4.5 20 17.9 150.0 83.8
22 12.5 40 33.4 12.5 3.7
34 20.5 40 14.2 106.3 74.8
46 28.5 80 2.4 90.6 377.8
58 2.6 40 65.1 75.0 11.5
70 9.6 40 42.4 < 6.3 < 1 .5
82 17.6 20 88.7 175.0 19.7
94 23.6 20 73.7 50.0 6.8
^ H O T
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i i )  P la n t  B
Raw S ludge
Code
Number Date
Volume
taken
(ml)
Dry wt
o r ’ ) pfu 100ml ^ pfu g"l
7 4.5 20 61.1 2,225.0 3.64.2
18 12.5 20 72.0 2,975.0 413.2
29 20.5 20 39.6 1,150.0 290.4
41 28.5 20 47.5 1,050.0 221.1
53 2 .6 20 49.9 < 25.0 < 5 .5
65 9.6 20 54.3 <25.0 <4 .6
77 17.6 20 51.8 50.0 9.7
89 23.6 20 33.9 1,000.0 295.0
Anaerobic mesophil ic digested sludge
8 4.5 40 35.9 56.3 15.7
19 12.5 40 32.8 62.5 19.1
30 20.5 40 29.3 < 6 . 3 <  2.2
42 28.5 40 32.4 200.0 61.7
54 2 .6 40 18.8 18.8 10.0
66 9.6 40 18.4 41.7 22.7
78 17.6 40 30.3 <8.3 < 2 . 8
90 23.6 20 26.0 100.0 38.5
Consolidated digested sludge
9 4.5 20 24.4 37.5 15.4
_(a) 12.5 - - - -
31 20.5 40 30.4 87.5 28.8
43 28.5 40 28.9 < 6.3 < 2 . 2
55 2.6 40 65.1 < 6 .3 < 1 . 0
67 9.6 40 31.4 < 6 . 3 < 2 . 0
79 17.6 40 25.9 < 7 .0 <2 .7
91 23.6 40 30.4 <12.5 < 4 .1
( a )  Sample l o s t
-2 8 4 -
b) Origin and characteristics of sludge samples tested for  the
presence of rotavirus
i )  Plant A
Raw Sludge
Code
Number Date(^)
Volume
taken
(ml)
Dry wt
(g r ’ )
Volume of 
concentrate 
assayed (ml)
Fluorescent foci
r ’  (b )
4 4 . 5 20 64.1 0 . 2 T (c)
15 1 2 .5 20 37.1 - ( d ) -
26 2 0 . 5 20 3 0 .2 0.1 < 1 0 0 . 0
38 2 8 .5 20 26.1 - -
50 2 . 6 20 4 5 .9 0.1 < 1 0 0 . 0
62 9 . 6 200 6 5 .6 0.1 < 1 0 . 0
74 17 .6 100 4 0 . 4 0.1 < 2 0 . 0
86 2 3 .6 100 4 8 .3 0.1 < 2 0 . 0
Mesophilic anaerobic digested sludge
5 4 . 5 40 2 0 .2 0 . 2 < 2 5 . 0
16 1 2 .5 40 1 5 .4 0 . 2 T
27 2 0 .5 40 1 4 .4 - -
39 2 8 .5 40 17.1 - -
51 2 . 6 40 1 8 .8 0.1 < 5 0 . 0
63 9 . 6 200 12 .3 0.1 < 1 0 . 0
75 1 7 .6 135 5.1 0.1 < 1 4 . 8
87 2 3 .6 150 2 . 7 0.1 < 1 3 . 3
Consolidated digested sludge
6 4 . 5 40 17 .9 0 . 2 < 2 5 . 0
17 1 2 . 5 40 33.4 - -
28 2 0 .5 40 14 .2 0.1 < 5 0 . 0
40 2 8 .5 80 2 . 4 - -
52 2 . 6 40 65.1 0.1 < 5 0 . 0
64 9 . 6 200 42.4 0.1 < 1 0 . 0
76 1 7 .6 100 88.7 0.1 < 2 0 . 0
88 2 3 .6 100 73.7 0.1 < ;2 0 .0
(a) 1981
(b) Lowest theoretical value; 1 virus per 150 views
(c) Sample cytotoxic
(d) Not tested
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i i )  P la n t  B
Raw S ludge
Code
Number Date
Volume
taken
(ml)
Dry wt 
( g i " ’ )
Volume of 
concentrate 
assayed (ml)
Fluorescent foci
r ’
1 4 . 5 20 61.1 0 . 2 T
13 12 .5 20 7 2 .0 - -
23 2 0 .5 20 3 9 . 6 0 . 2 x . 5 0 . 0
35 28 .5 20 4 7 .5 O.i < 1 0 0 .0
47 2 . 6 20 — - -
59 9 . 6 200 54 .3 0.1 -
71 1 7 .6 100 5 1 .8 0.1 < 2 0 . 0
83 23 .6 100 3 3 . 9 0.1 < 2 0 . 0
Mesophilic anaerobic digested sludge
2 4 . 5 40 3 5 .9 0 . 2 < 2 5 . 0
14 12 .5 40 3 2 . 8 - -
24 2 0 .5 40 2 9 .3 0.1 < 5 0 . 0
36 2 8 .5 40 3 2 . 4 0.1 < 5 0 . 0
48 2 . 6 40 - - -
60 9 . 6 200 1 8 . 4  . 0 .1 < 1 0 . 0
72 17 .6 200 3 0 .3 0.1 T
84 23 .6 200 2 6 .0 0.1 < 1 0 . 0
Consolidated digested sludge
3 4 . 5 40 24.4 0 . 2 < 2 5 . 0
_ (a ) 12.5 - - - -
25 20 .5 40 3 0 . 4 0 . 2 < 2 5 . 0
37 2 8 .5 40 28 .9 — -
49 2 . 6 40 - —
61 9 . 6 200 3 1 .4 0.1 T
73 17.6 200 25 .9 0.1 < 1 0 . 0
85 23 .6 200 3 0 .4 0.1 < 1 0 . 0
( a )  Sample l o s t
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